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A Comparative Evaluation of Mitigation Wetlands in Broward County, Florida, 
Using Chironomid (Diptera) Pupal Exuviae:  A Potential Technique for Assessing 
Mitigation Success 
ABSTRACT: 
Wetland resources in South Florida are regulated at three redundant jurisdictional 
levels: local or municipal regulations set forth by many independent jurisdictions, State 
regulations derived directly from Florida Statutes, and Federal regulations promulgated 
primarily under the Clean Water Act.  All three levels of government can have 
jurisdiction over projects that affect regulated wetland resources, yet inconsistent policies 
and standards remain and continue to confound regulators despite decades of intensive 
coordination efforts and a rapidly growing scientific research base.  The size of a wetland 
mitigation area is of primary consideration when evaluating its perceived ecological 
value, although wetland mitigation areas constructed in developed areas are typically 
isolated and generally make use of similar designs regardless of wetland size.   
The Chironomidae (Order: Diptera) are the most diverse and abundant faunal 
taxon in all healthy freshwater bodies and are generally considered to be a reliable and 
effective ecological indicator. I conducted a preliminary comparison of chironomid 
communities between a suite of natural and artificial wetlands, and also evaluated the 
effect of wetland size on the community structure of the insect family Chironomidae.  
Using the Chironomid Pupal Exuviae Technique (CPET), collections of chironomid 
exuviae from a total of seven natural and artificial mitigation wetlands were compared 
 4 
across site groups and also correlated to recorded environmental conditions at each study 
site.  
Chironomid species assemblages at nearly all sites were dominated by 
Parakiefferiella coronata, comprising nearly 36% of all collected exuviae.  Species 
assemblages from mitigation wetlands exhibited strong similarity to the aggregate species 
assemblage from all sites.  A greater abundance of exuviae was collected from artificial 
sites than from natural sites, and species assemblages collected from natural sites were 
dissimilar from those collected from artificial sites. No statistically significant differences 
in community structure were detected between larger and smaller wetlands.  
Environmental site conditions between natural and mitigation sites generally varied 
greatest in conductivity and pH.  No significant gradient was identified in environmental 
conditions or chironomid community structure across wetlands of different size.  A minor 
seasonal gradient in TP concentrations was observed and site S6 was the most enriched 
site included in this study while site S1 exhibited high conductivity for the duration of the 
project. 
Differences between chironomid species assemblages collected from natural and 
artificial communities may be explained by the relatively static topography, more 
consistent substrate composition, and less diverse hydrophyte communities present in the 
natural sites which have generally reached a greater state of homeostasis. However, 
statistical tests generally support the null hypothesis.  No statistically significant 
differences were detected between sites based on collected chironomid communities 
when grouped by wetland origin (artificial vs. natural) or size.   
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Observed differences between communities sampled from natural and artificial 
wetlands support regulatory concerns that artificial wetlands may not sufficiently emulate 
natural systems and that a constructed wetland system may take generations, or even 
centuries to sufficiently mimic its natural counterpart.  Mitigation design complexity does 
appear to provide a diversity of microhabitats favorable to a greater variety of 
chironomids.  However, a lack of statistical significance may support assertions that 
mitigation sites are successfully replacing natural wetlands. Implementation of CPET-
based community structure analyses requires intensive labor and expertise and is not 
practical for regulatory purposes, but can provide robust data for effective and detailed 
site analysis. 
 
Keywords:  Chironomid, CPET, midge, pupal exuviae, mitigation, wetland, indicator, 
Everglades, regulation, permit, Broward. 
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INTRODUCTION: 
Historical Background 
Over the past century, human activities have resulted in the disappearance or 
severe alteration of many of South Florida’s historic wetlands.  To ecologically trained 
specialists, the changes are evident throughout the region but are most evident in one of 
the world’s largest contiguous wetland systems: the Everglades.  Due to a combination of 
intensified agriculture, increased development pressures, and changing land management 
strategies such as local flood control policies, these alterations have had a deleterious 
effect on the health and function of not just the Everglades ecosystem, but isolated and 
coastal wetland systems as well.  Since most of peninsular south Florida west of the 
Atlantic coastal ridge was historically part of the greater Everglades system (Lodge 
2005), the effects of these specific alterations span three counties and a distance of over 
100 miles (175 km).   
Large-scale water management policies were instituted decades ago to make 
South Florida’s swamplands accessible and useable, and as a result South Florida now 
boasts one of the most complex and precisely engineered canal systems in the world.  The 
creation of this immense system has had a correspondingly dramatic effect on the 
hydrology of the region’s wetland systems (Lodge 2005; Loftus et al. 1992).  
Approximately 16% of the historical eastern Everglades wetlands were lost as a direct 
result of the construction of the L-67 canal and levee; a massive structure authorized by 
Congress in 1948 as a flood control measure to protect nearby residents in areas such as 
western Broward County (Lodge 2005).  In reality, the project also resulted in a 100-
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mile-long perimeter levee that effectively severed the eastern fringe of Everglades’ 
wetlands from the main wetland system by blocking eastward sheet flow, resulting in a 
loss of hydration to all downstream wetlands (Lodge 2005). 
Secondary to direct physical destruction, South Florida wetlands also continue to 
suffer from numerous anthropogenic stressors.  Increased pollutant and nutrient loads 
expose existing systems to chemical inputs which influence floral and faunal community 
composition and severely shift or alter adapted competitive advantages (Dong et al. 2002; 
Grimshaw et al. 1993; King 2001; McCormick and O'Dell 1996).  Numerous nuisance 
and exotic plant species such as punk tree or cajeput (Melaleuca quinquenervia), 
Brazilian pepper (Schinus terebinthifolius), and old world climbing fern (Lygodium sp.) 
have been introduced and become established with such densities that they have proven 
capable of aggressively altering or overtaking existing native wetland systems in a short 
amount of time (University of Florida 2014).  Local flood control programs and drainage 
districts maintain groundwater elevations at levels which protect personal property but no 
longer sufficiently hydrate many isolated wetlands, most notably evidenced by the 
significant soil subsidence and associated cypress dome deterioration that can be 
observed throughout northern Broward County (Mortellaro et al. 1995).  As a result, the 
decomposition of organic wetland soils can be witnessed firsthand by visiting many of 
the small cypress-dominated communities present in northern Broward County and 
observing how the resulting soil subsidence has completely exposed the previously 
buried roots and trunks of generations-old cypress trees.  Although policies for 
management and protection of the regions remaining wetlands were established years 
ago, current legislation continues to prove inadequate, the political climate is 
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unfavorable, and both regulators and researchers alike will need to continue searching for 
ways to improve existing policies with little support from elected officials (Lopez 2014). 
Regulatory Background 
Current wetland regulations allow County, State, and Federal regulatory agencies 
to assert completely independent and somewhat redundant jurisdiction over the remaining 
wetlands in Broward County, though actual regulatory jurisdiction depends on the 
location, size, connectivity, and other specific characteristics of the wetland itself as 
outlined in the legislation empowering each regulatory entity. Broward County’s 
Environmental Protection and Growth Management Department (BCEPGMD) applies 
and enforces a set of local wetland regulations outlined in Chapter 27 of Broward 
County’s Code of Ordinances, and has been doing so in its current form since 1993.  
State-level wetland regulations (as set forth by Section 62-330 and 62-340 Florida 
Administrative Code) are enforced by regional water management district such as the 
South Florida Water Management District (SFWMD), by the Florida Department of 
Environmental Protection (FDEP) or by delegated local municipalities such as 
BCEPGMD, depending on the site characteristics, project scope, or regulatory history as 
outlined in any governing delegation agreement.  Federal wetlands policy outlined in 
Section 404(b)(1) of the Clean Water Act is administered by the U.S. Environmental 
Protection Agency (USEPA) but stipulates that the U.S. Army Corps of Engineers 
(USACE) enforce Section 404 guidelines and issue permits to impact or alter wetlands 
protected as Waters of the United States.  Federal permits may be issued only if the 
applicant can prove beyond a reasonable degree that the project satisfies three specific 
criteria.  First, wetland impacts must be unavoidable due to a lack of practicable 
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alternatives.  Second, wetland impacts must be minimized to the maximum extent 
feasible.  Lastly, an approved mitigation plan must be developed to offset proposed 
unavoidable impacts to any wetlands (Kruczynski 1990).  State or local agency 
regulations generally emulate Federal requirements while sometimes clarifying or adding 
additional regionally specific restrictions above and beyond what is established at the 
Federal level. 
Though the various regulatory agencies maintain separate wetland management 
policies and independent directives, each policy revolves around the fundamental yet 
ambiguous goal of “No Net Loss of Wetlands” as set forth by President George H. W. 
Bush during the 1988 National Wetlands Policy Forum (The Conservation Foundation 
1988).  The term “Net Loss” implies a quantifiable sum which has proven difficult if not 
impossible to evaluate.  Although the extent or acreage of a wetland can be effectively 
and reliably determined, to date the value of its intrinsic and extrinsic attributes cannot.  
As such, we continue to actively research wetland systems because we remain 
fundamentally incapable of assessing the true value of the structure and function of even 
a miniscule wetland well enough to ensure “No Net Loss” when evaluating compensatory 
mitigation.  In the meantime, current wetland regulations and management efforts 
continue to be steered primarily by the basic Clean Water Act guidelines mentioned 
previously and supplemented by periodic policy updates such as the Corps’ new 2008 
Mitigation Rule which reactively address evolving doctrines or incorporate new research, 
as well as recent Supreme Court decisions such as the SWANCC (U.S. Supreme Court 
2001) and Rapanos/Carabell (U.S. Supreme Court 2006) cases which generally help steer 
agency interpretation of the existing legislative framework. 
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To address this critical issue, wetland managers have made numerous attempts to 
standardize wetland evaluations.  Over the last 20 years, a number of wetland assessment 
techniques have been designed, implemented, and modified in attempt to achieve the “No 
Net Loss” goal.  These include techniques such as the Wetland Rapid Assessment 
Procedure (WRAP) (Miller and Gunsalas 1999), Broward County’s Wetland Benefit 
Index (WBI) (Broward County Code 1993), Habitat Equivalency Analysis (HEA) 
(NOAA 2000), Habitat Evaluation Procedure (HEP) (USFWS 1980), Hydro-Geomorphic 
Method (HGM) (Smith et al. 1995), Index of Biotic Integrity (IBI) (Karr 1981), Synoptic 
Approach (Leibowitz et al. 1992), Wetland Evaluation Technique (WET) (Adamus et al. 
1987), and Florida’s current favorite, the Unified Mitigation Assessment Method 
(UMAM) (Florida Administrative Code 2007).  Each technique evaluates a given habitat 
by attributing a scaled value to a selection of common and easily observed attributes such 
as the hydrophytic plant community, wildlife presence, water quality, hydrology, 
location, and surroundings.  However, each of these qualitative assessments has 
limitations. 
Hydrophyte community assessment is limited by both the characteristics of the 
physical assessment area and the knowledge or skill of the assessor (Cohen et al. 2005).  
Variable time lag multipliers derived from the perceived maturation period of a 
constructed wetland confound the value of standard vegetative assessment techniques, 
because it is difficult to precisely determine when a constructed system has reached 
equilibrium or otherwise reflects the intended target community.  The constructed plant 
community in a particular mitigation site takes many years to accurately reflect long-term 
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hydrology (Busch et al. 1998), and a site that has reached equilibrium can still exhibit 
substantial variation on a relatively short-term basis (Niering 1990). 
Wildlife use is difficult to assess for other reasons.  Desirable native vertebrate 
species are generally highly mobile, cryptic or shy, and their use of a specific habitat is 
often transient or temporary. An observation of a single animal in transit between two 
primary habitats may be given too much consideration, and a tendency also exists to 
over-emphasize observations of disturbance-tolerant urban wildlife, such as raccoons or 
opossum.  Alternatively the absence of desirable wildlife species during inspection does 
not mean those species do not use the site (personal observations) since most heavily 
valued animal species are predators that by their very nature are shy, cryptic or otherwise 
difficult to observe. 
The accuracy of short-term, momentary, and even observational water quality 
analyses may be disputed based on the likelihood and potential frequency of pulse 
nutrient or pollutant introductions. Visual and circumstantial observations hold minimal 
value due to the wide range of potential inputs and sources.  Although regular, long-term 
sampling for a large variety of nutrients/pollutants gives a more reliable account of long-
term water quality, it is expensive and therefore rarely attempted except in the highest-
profile projects or for projects where the potential for contaminants and their associated 
liabilities already exists (personal observations). 
Evaluation of a wetland’s location or surroundings can be inherently problematic 
because the perceived value and influence of surrounding landscapes may be superficial, 
shortsighted, or subjectively biased.  Instead of actually calculating a relative value for 
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the location and surrounding landscape of a particular site based on a standardized and 
established suite of attributes, regulatory personnel often just compare scores between 
similar projects in an effort to remain consistent with prior agency evaluations.  Although 
coordination between agencies does occur, scoring bias can still result from repeated 
iterative degradation (personal observations). 
When evaluating mitigation proposals, regulatory agencies apply not only these 
types of formal yet weakly structured assessments, but also take into account other even 
more informal and nebulous evaluations such as potential secondary impact assessments 
(indirect environmental impacts to adjacent habitats outside the defined project area), 
perceived risk factor, local area policies, plans or traditions, and even economics or 
personal agendas.  Each can contribute to or influence the final mitigation solution, and 
all of these assessments are subjective, making them easily disputed.  Risk factor can 
differ among regions, sites, applicants, contractors, or even regulatory staff, and evolving 
local area policies are difficult to anticipate and often more difficult to interpret.  
Economic climate and personal agendas can also play a role; a well-financed, politically 
connected, or persistent developer can often find ways to obtain more economically 
favorable outcomes (personal observations). 
Regulatory agencies may at times disagree about what constitutes an allowable 
wetland impact and/or desirable mitigation.  Since codified Federal, State, and Local 
regulations all use subjective language referring to “feasible” or “practicable” efforts, an 
inherent interpretive vagary exists which can be challenged by applicants and developers.  
A proposed development and mitigation plan deemed acceptable or desirable by one 
agency can be rejected by another agency evaluating the same exact plan with the same 
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wetland assessment methodology (personal observations).  Wetland permit issuance can 
be substantially delayed not by lack of justification on the part of the applicant, but rather 
as a direct result of such discrepancies in applied policy.  Often, as project designs are 
modified to appease one agency, they become less desirable to another.  These 
inconsistencies are generally due to local policy differences, subjective reasoning, or a 
combination of both.  As the cost to resolve these policy disagreements can cost 
thousands of U.S. dollars, a substantial incentive exists to address the issue. Scientifically 
based management policies that focus on established ecological considerations should 
generally prevent such inconsistencies, but regulatory agencies currently lack sufficient 
data to fully implement such policies and current research is both infrequently aligned 
with regulatory needs and rarely made available to regulatory programs.   
One argument that surfaces most commonly is the concept that wetland size 
directly correlates with wetland value.  Prevailing ecological paradigms dictate that larger 
wetlands are better (Mitsch and Gosselink 1993) and the term “postage stamp” is often 
used by regulatory staff with negative connotation to describe smaller on-site or off-site 
mitigation areas typically proposed to resolve small-scale projects.  As a result of the 
“postage stamp” stigma, many developments are now permitted to perform all wetland 
mitigation at an established wetland bank (Ruetter and Brinckerhoff 1998) even if on-site 
wetlands could be better preserved and/or enhanced to reduce overall impacts. 
Current federal policies endorse the ecological stability of large, contiguous, 
“wetland mitigation banks” as the most desirable form of wetland mitigation, a 
preference implemented and rigidly enforced by the USACE’s 2008 Mitigation Rule 
(Federal Register 2008).  This rule establishes a hierarchy of priorities derived from the 
 14 
results of a 2005 Government Accountability Office (GAO) report which found that 
larger, better funded wetland mitigation projects demonstrated fewer compliance-related 
concerns during a review of USACE permitted mitigation (Government Accountability 
Office 2005).  The review identified federally permitted mitigation banks to be the most 
compliant solution on a nationwide basis.  However, the applicability of the findings and 
basis for the rule in South Florida are debatable primarily because they are based entirely 
on permit compliance rather than ecological benefit and do not take in to account three 
existing levels of redundant jurisdiction which collectively improve regulatory oversight 
region-wide; a luxury the rest of the US does not enjoy. 
Local and regional regulatory agencies in south Florida (i.e., County and State) 
still attempt to retain as much on-site wetland function as possible to preserve the benefits 
of wetlands within the local watershed.  This retention of wetland functions can be 
accomplished by on-site wetland impact reduction, on- or off-site wetland mitigation, or 
any combination of the three.  However, the Corps mitigation rule is based entirely on the 
GAO’s determination that Corps staff/offices were unable to adequately ensure 
compliance with permit conditions rather than the ability to ensure maintenance of 
ecological functions, which reflects a strong ideological difference between the two 
groups.  Unfortunately, the policies continue to differ between agencies, because 
literature exists to justify both federal and local policies (Willard and Hiller 1990) 
depending on the specific goal in mind.   
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Ecological Background 
South Florida’s recent real estate boom and rapid population growth have resulted 
in development-related destruction of nearly all of its undisturbed isolated and coastal 
wetlands; yet the Legislature continues to approve and promote the use of mitigation 
banks which generally just add artificially manipulated or reclaimed habitat to the fringes 
of the existing Everglades system; the nation’s largest single wetland preserve.  This 
process invariably fails to preserve or protect the smaller, more isolated and unique 
wetlands remaining in South Florida.  Recent economically-driven land development in 
Broward County, and South Florida as a whole, has resulted in an aerial mosaic of 
planned residential communities that consist almost entirely of concrete, asphalt, and 
lake-front properties with heavily irrigated exotic landscapes bearing no resemblance to 
South Florida’s natural habitats. 
Wetland science, despite its advances, still needs a common goal; primarily 
because regulatory agencies and research institutions often have different goals.  The 
effectiveness and accuracy of wetland regulatory techniques continue to be constrained 
primarily by time, while wetland research techniques are generally limited by statistically 
supportable accuracy and precision.  As a result, most acknowledged advances in 
regulation improve the efficiency of site assessment by simplifying the review process 
and limiting assessments to a handful of representative criteria (Streever et al. 1995; 
Streever et al. 1996; Streever and Crisman 1993a; Streever and Crisman 1993b).  In 
contrast, advances in research techniques most often improve habitat assessments by 
including more characteristics or variables, which lead to greater accuracy and reliability 
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(Erwin 1990a).  However, this research-based approach is also more costly and time 
consuming than those available to the regulatory agencies.   
Regardless of approach, Kentula (2000) indicated that a standard for comparison,  
most often presented in the form of a reference wetland, is a requisite component in 
proper wetland design.  However, there currently is insufficient baseline data to reliably 
identify reference wetlands in South Florida (Erwin 1990a), and though the reference 
wetland approach is generally frowned upon by the scientific community (Erwin 1990a), 
regulatory staff are currently left with little alternative.  The natural wetland proposed as 
a reference for design of a mitigation area must be identified so agency reviewers can 
establish a set of baseline characteristics to clearly define the ultimate goal of the project 
(personal observations).   
During the permitting process, identification of the reference wetland requires 
some understanding of wetland nomenclature in south Florida.  While numerous, 
regionally-specific wetland classification systems exist, each provides its own clear 
method for categorizing local wetland or habitat types.  Multiple wetlands within a single 
class generally share numerous hydrological and functional similarities, but the minor 
variations of these characteristics are what separate them from wetlands of other similar 
classes. Coverage by and diversity of dominant plant communities, hydrologic regimes 
(e.g., water levels and flows), and soil and substrate characteristics typically dominate the 
assessed habitat characteristics.  
Cowardin et al. (1979) established a reliable and popular system for 
distinguishing wetland types based on standardized characteristics. Called the 
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“Classification of Wetlands and Deepwater Habitats of the United States”, this well-
accepted nomenclature system identifies the typical South Florida/Everglades wetland as 
a palustrine, semi-permanently or permanently flooded, persistent, emergent wetland.  
However, numerous anthropogenic influences have modified South Florida wetlands both 
subtly and significantly (Cohen et al. 2005; Lodge 2005), such that characteristic features 
are no longer as evident or discernible as formerly.  As a result there is an immense 
descriptive variability within this one wetland class as one follows the flow of Everglades 
waters south from Lake Okeechobee.   
Wetland indicators 
While Cowardin et al. (1979) established an effective system for wetland 
classification based on vegetation, hydrology, and geology, the functions of these 
categorized systems were not catalogued with regard to fauna.  To address regional 
variation, an understanding of local fauna must be taken into account and potential 
indicator species should be considered.  
A practical indicator taxon must meet several criteria. It should be highly mobile 
and capable of rapidly populating a new habitat, or re-populating an existing habitat after 
perturbation (Streever et al. 1996; Streever and Crisman 1993b; Busch et al. 1998; 
McClanahan 1983).  This eliminates poor fecundity or recruitment as a limiting factor for 
the species assemblage in a particular locale.  An indicator taxon should also show 
significant local richness to include species adapted to exploit local environmental variety 
(Johnson 1996), increasing the likelihood that data will reveal statistically significant 
correlations between indicator species assemblages and environmental/site conditions.  
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Reliable indicator species for habitat evaluations must be readily available; they cannot 
be difficult or expensive to sample (Erwin 1990b).  In order to best reflect information 
related to its habitat, a practical indicator taxon should also be a dominant component of 
its trophic system, thereby linking itself to the rest of the floral and faunal communities 
(Erwin 1990b).  Abundances must be sufficient to enable sample sizes capable of 
producing statistically significant results (Erwin 1990b).  Other valuable characteristics 
include reduced seasonal population modality which simplifies data analysis, and the 
ability to be collected via minimally destructive and environmentally sensitive 
techniques.  Most potential indicator taxa that exhibit these characteristics are first or 
second tier trophic consumers.  Such fauna are capable of rapidly spreading to new 
habitats via their greater mobility and reproductive capacities (e.g., via r-selected life 
history strategies), and they can maintain population sizes sufficient for effective sample 
collection and robust statistical analysis (Carignan and Villard 2002) 
Numerous invertebrate and vertebrate species have been studied in Florida to 
assess their potential as indicators of wetland status, but most have met with limited 
success (Streever and Crisman 1993a; Streever and Crisman 1993b; Streever et al. 1996).   
Johnson and Wiederholm (1989) noted that macroinvertebrates are, for the most part, 
adequate habitat indicators when related to environmental variables.  However, several 
projects assessing the usefulness of macroinvertebrate communities as indicators have 
either obtained statistically insignificant results or could not reliably substantiate results 
once experimental sampling or design error was addressed (Streever et al. 1995; Streever 
and Crisman 1993b; Barton et al. 1996).  However, these projects have helped narrow the 
search for a reliable indicator taxon by eliminating those taxa already reviewed; a process 
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important in the collection of appropriate datasets and necessary for informed decision 
making (Kentula 2000). 
Chironomidae as a Wetland Indicator  
Several studies have indicated that communities of Chironomidae, the non-biting 
midges, can accurately indicate hydrological conditions (Jacobsen 2010) and water 
quality in many regions (King 1999; Griffiths 1992; Johnson and Widerholm 1989; Ruse 
2002a), including South Florida (King and Richardson 2002).  Chironomidae is a large 
family (>>10,000 species worldwide) in which larvae are important components of the 
faunal macrobenthos in aquatic ecosystems (Jacobsen 2008a).  Many studies have since 
used chironomids as wetland indicators, but the usefulness of the Chironomidae as an 
indicator for wetland mitigation areas has not been thoroughly examined.   
The Chironomidae are a diverse family of true flies (Insecta, Diptera) commonly 
called non-biting midges.  They undergo a holometabolic life cycle, which includes an 
egg stage, four larval stages, a pupal stage, and a terrestrial adult stage.  In fresh water, 
species have evolved diverse means of niche exploitation (Jacobsen and Perry 2008) such 
that chironomids are typically the most abundant and diverse invertebrate component in a 
freshwater body (Liston and Trexler 2005; Thienemann 1954; King 2001). Chironomidae 
utilize all six macroinvertebrate feeding strategies: collector-gathering, collector-filtering, 
scraping, shredding, and engulfing or piercing prey, they also occupy a variety of 
substrates, and can tolerate a wide range of chemical conditions in freshwater  As a 
result, they may occupy a wider range of available microhabitats than other invertebrate 
groups and can provide abundant information on available microhabitats and 
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environmental conditions in freshwater bodies (Armitage and Pardo 1995; Ruse 2002a; 
Jacobsen and Perry 2008). King (1999) reported that chironomids were the most 
informative invertebrate group for detecting nutrient enrichment in the Everglades.  His 
work and work by Jacobsen (2008) provide recent local evidence in agreement with 
studies conducted in lotic environments (Wright et al. 1996) well as many earlier 
overseas studies (Wilson and Bright 1973; Wilson and McGill 1977; Wilson and Wilson 
1983; Wilson and Wilson 1985).  Numerous other studies have also indicated the 
importance of chironomids as a forage source for both fish and waterfowl (Declerck et al. 
2002; Smith et al. 2004), and Fisher (1982) indicated that they play an important role in 
the development of physical and chemical properties of wetland soils. Jacobsen’s key 
identifies 150 different species collected locally, and single samples containing more than 
50 species are not unusual when collected from heterogeneous sites with a diversity of 
microhabitats (Jacobsen 2008a). 
Statement of the Problem 
Currently, mitigation success in the regulatory community is measured and 
enforced according to permit conditions which typically are limited to minimum 
survivorship and percent coverage requirements for desirable or installed vegetation.  In 
one of the most comprehensive reviews of mitigation success to-date, Erwin (1991) 
evaluated mitigation areas permitted by the South Florida Water Management District 
and identified five major research needs to improve wetland management policies.  The 
identified information gaps indicated a need for reliable methods to evaluate permit 
applications for a) site selection and design; b) project construction techniques; c) 
comparative studies of the biological communities and processes in natural, created, and 
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restored wetland systems; d) the role of surrounding landscapes in maintaining wetland 
functional values, and e) evaluation of success (Erwin 1990a: page 246).  Kentula (2000) 
and Erwin (1990b) also emphasized that realistic goals and measurable success criteria 
are essential elements in the development of a mitigation plan.  
This study tested whether mitigation assessments analyzing community 
composition of a particular macroinvertebrate indicator taxon, specifically the dipteran 
family Chironomidae, can be used reliably to evaluate mitigation success in the form of a 
comparison between the constructed system and a reference system.  In addition to 
testing the usefulness of Chironomidae as an indicator taxon for South Florida wetlands, 
this project also applies the findings as evidence to help address two of the foremost 
arguments surrounding the effectiveness of wetland mitigation; the effect wetland size 
has on its ecological value, and the effectiveness of constructed wetland mitigation areas 
to emulate natural habitats.  The null hypotheses of this project rely on the assumption 
that statistically significant differences in chironomid community structure or species 
richness would not be identified between natural and artificial wetlands, nor among 
constructed wetlands of different sizes. 
H0:  No differences will be detected between chironomid communities collected 
from natural vs. artificial wetlands and wetlands of different ages. 
H1:  Chironomid communities collected from natural vs. artificial wetlands or 
wetlands of different ages will be different.
 
 
Chironomid Pupal Exuviae Technique   
Sampling of chironomid communities for this study was performed via surface 
collection of floating pupal exuviae, a technique first described by Thienemann (1910).  
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This technique has not been very widely applied by aquatic biologists and benthologists, 
but since pioneering studies by Coffman (1973) and Wilson and Bright (1973), it has 
slowly gained favor for its efficiency and sensitivity (Pinder 1986; Langton 1991).  The 
technique is atypical because macroinvertebrate studies usually target either the larvae or 
emerged adults.  However, the chironomid pupal exuviae technique, or CPET (Raunio 
and Muotka 2005), has proven to be a valuable and promising alternative by providing 
reliable and detailed species-level taxonomic information with minimized effort (Pinder 
1986; Langton 1991; Ruse 2002a).  A number of projects, primarily in Europe, have 
endorsed the usefulness and efficiency of the CPET for faunal evaluation and subsequent 
classification and/or monitoring of lakes and rivers (Coffman 1973; Thienemann 1910; 
Wilson 1996; Johnson and Widerholm 1989; Ruse 2000; Ruse 2002a; Verneaux and 
Aleya 1998).  To date, few researchers have applied the CPET for wetland biomonitoring 
or assessment in the western hemisphere (Jacobsen and Perry 2002; Wright et al. 1996; 
Coffman 1973; Barton et al. 1996; Jacobsen 2008b; Jacobsen and Perry 2008).   
Harvest of recently shed chironomid pupal exuviae from the water’s surface 
provides numerous benefits to researchers.  Exuviae generally remain at the water surface 
due to hydrostatic tension for 24-48 hours before wetting and decomposition causes them 
to sink, thereby providing a 1-2 day snapshot of community emergence (Langton 1991).  
The CPET also provides little opportunity for the collector or specific sampling design to 
influence sample contents (Ruse 2002a) because the sample represents emergence from 
all microhabitats simultaneously and becomes naturally aggregated prior to collection.  
Because the exuviae are merely shed, chitinous exoskeletons, they do not provide 
valuable forage for other organisms and sample collection has no significant impact on 
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the living chironomid community.  Once collected, exuviae are easily preserved and do 
not require staining or clearing (dissolving away soft body tissue with KOH).  This 
enables rapid and effective identification by qualified taxonomists, usually to species-
level and an experienced chironomid taxonomist can pick through a typical sample and 
identify 400-800 specimens representing 20-30 species in approximately four hours 
(Jacobsen 2008a).  Lastly, the technique is invaluable for its ability to produce integrated 
samples representative of both the immediate area and its extended surroundings (Ruse 
2002a; Coffman 1973), because aggregation of exuviae within surface drift lines and 
eddies integrates both horizontal and vertical habitat variation without bias. 
Conversely, precipitation and wind can potentially “drown” or fragment the 
floating exuviae which reduces the effectiveness of the technique after periods of 
inclement weather.  Sampling can usually resume 24-48 hours later after newly emerged 
chironomids have replaced sufficient exuviae for collection.  The major drawback to the 
CPET as used for this study lies in its inability to precisely estimate species abundances, 
as it is difficult to maintain consistent sampling intensity and effectiveness once wind and 
wave action have transported the exuviae.  One can only reliably estimate “relative 
abundance” from CPET collections, though Langton (1991) found that the majority of the 
species emerging from a particular habitat will be present in any carefully collected 
sample.  Therefore, as a particular wetland’s chironomid species assemblage can be 
reliably sampled, statistical comparisons between separate wetland assemblages may be 
sufficient for qualitative evaluation in lieu of large scale quantitative assessments. 
The delicacy of exuviae must be addressed with sampling design.  Coffman 
(1973) indicated that floating exuviae persist approximately 1-2 days under “normal” 
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conditions, and subsequent research supports this indication (Ruse 2002a; Langton 1991).  
However, it has been suggested (but never documented) that this duration might be 
shortened considerably by inclement weather (Wilson and McGill 1977; Jacobsen 
2008a).  While moderate winds are beneficial to the CPET because they concentrate 
exuviae, any combination of precipitation and excessive wind/wave action might 
prematurely drown exuviae, thereby complicating the collection process. 
Another concern for pupal exuviae sampling design is that a large percentage of 
aquatic insects emerge seasonally or periodically in pulses governed by environmental 
cues or life cycle (Armitage 1995).  Therefore, frequent sampling would be necessary to 
account for any species that emerge during narrow seasonal or environmental windows.  
Ruse (2002a) and Gendron and Laville (1995) found that between 4 and 8 sampling 
events per annum (especially during a particular area’s growing season) should be 
enough to collect up to 90% of total species present, as well as nearly 100% of indicator 
taxa.  However, their studies were undertaken in temperate regions where emergence is 
generally controlled by notable, and often dramatic, seasonality (Coffman 1974), and 
where, in general, no emergence can occur through ice in the winter.  Studies in 
temperate northern hemisphere sites have noted peak chironomid emergences occur 
during April and May which correlated with seasonal increases in temperature and 
photoperiod (Franquet and Pont 1996; Ubero-Pascal et al. 2000). Since seasonal climatic 
variability is limited in south Florida, local chironomid emergence patterns may not be as 
dependent upon obvious cues such as temperature or photoperiod and may instead be 
triggered by other, more subtle physical or chemical changes in the environment.  To-
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date, few studies have addressed chironomid seasonal emergence patterns or phenology 
in the southeastern U.S. (Jacobsen and Perry 2002). 
Prior long-term studies using the CPET have yielded as few as 15-30 species.  
Barton (1996) found sampling pupal exuviae alone to be insufficient to effectively 
evaluate water quality in riverine systems due to low species richness (typically <10 
species per sample), but most other research disputes this finding.  A more critical review 
of Barton’s study reveals his experimental design was not ideal for maximizing CPET 
effectiveness.  Other large scale studies in temperate climates have produced nearly 300 
taxa in areas with diverse habitats (Ruse 2002a; Coffman et al. 1992).  Such richness was 
not anticipated in the proposed study wetlands due to their relatively limited habitat 
diversity; South Florida’s wetlands are less heterogeneous when compared to lotic 
environments in more temperate regions characterized by greater thermal and 
geomorphic variation.  However, a single south Florida sample site can produce more 
than 70 species, and over 130 chironomid species have been recorded from Everglades 
National Park (Jacobsen 2008a).  
MATERIALS AND METHODS: 
Study Sites 
This project used the CPET to collect quarterly samples of chironomid 
communities from a selection of natural and variously-sized man-made wetlands in 
Broward County (Figure 1 below).  The identified chironomid assemblages from 
different sites were then statistically compared, as were the recorded environmental data, 
to further analyze and clarify the effect of wetland origin (artificial vs. natural) or wetland 
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size on chironomid community structure.  Artificial/mitigation sample sites (circled in 
red) included mitigation areas at the following locations; Weston Increment 3 (S1), Long 
Key Natural Area (S6), and Red Lichen Sanctuary (S11). Natural/model sample sites 
(identified by green circles) included Water Conservation Area 2A-marsh (M1), and 
Water Conservation Area 2B– slough 2 (M6).   
Two additional samples from isolated sampling events (i.e. no repeated quarterly 
replicates) were collected at the following study sites Water Conservation Area 2A – 
slough (M2) and Water Conservation Area 2B - Marsh 1 (M3).  The additional data were 
not included in parsed chironomid community datasets used for comparative analyses of 
Figure 1. Sample Site Overall Location Map  
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artificial vs. natural wetlands or constructed wetlands of different sizes because they were 
not identified for all quarterly sample periods.  However, the data were included in the 
composite chironomid dataset from natural wetland areas M1 and M6 as well as the 
overall community collected from all sites. 
Table 1. Artificial/Mitigation Study Site Description 
ARTIFICIAL/MITIGATION STUDY SITE DESCRIPTIONS 
The following study sites are located on public lands and contain constructed mitigation areas 
completed as public mitigation projects, or as private mitigation on public land.  Site sizes range 
from 1.14 to 1553 acres, and all underwent substantial earthwork and regrading during 
construction.  All dominant emergent macrophyte communities were sampled for chironomids. 
Two water quality sample sites were selected for each wetland.   Sites are listed below in order 
from largest to smallest. 
 
Study Site #1 – Weston Increment III    Source ID:   S1-WI3  
License Number: DF95-1148/05-1317 Latitude/Longitude: 26’05”55.7N  
80’25”20.4W 
Size (acres): 1553 Approx. Age (yrs): 11 
Location/Address: SE of I-75, US-27 Intersection, Weston, Florida 
Mitigation: Mainly hydrologic enhancement and nuisance/exotic removal in 
hydrologically altered historic sawgrass marsh with melaleuca intrusions.  
YSI Sample 
Areas: 
A – Edge of slough in SW corner of SE mitigation area 
B – Edge of slough in N portion of SE mitigation area 
 
Study Site #6 – Long Key Natural Area    Source ID:  S6-LKNA 
License Number: DF01-1023 Latitude/Longitude: 26’04”39.6N  
80’19”41.9W 
Size (acres): 18.7 Approx. Age (yrs): 6 
Location/Address: N of Griffin Road b/w Flamingo Rd. and SW 136 Ave, Davie, Florida 
Mitigation 
Description: 
18.7 acres of wetland creation and 10.7 acres of wetland enhancement via 
nuisance/exotic removal at existing sensitive land site. 
YSI Sample 
Areas: 
A – Edge of alligator hole near southwest corner of marsh. 
B – Edge of slough west of tree islands in Northern portion of site. 
 
Study Site #11 – Red Lichen Sanctuary    Source ID:  S11-RLS 
License Number: DF02-1057 Latitude/Longitude: 26’17”15.5N  
80’13”50.7W 
Size (acres): 2.5 Approx. Age (yrs): 5 
Location/Address: Northeast of Riverside Drive and Wiles Road, Coral Springs, Florida 
Mitigation 
Description: 
Excavation, grading, and planting to establish wetlands which emulate 
historic Everglades marsh communities 
YSI Sample 
Areas: 
A – Pontederia, Scirpus ecotone at NE corner of south open water area. 
B – Edge of Eleocharis, Thalia ecotone at NE corner of north tree island. 
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The artificial/mitigation wetlands selected for this study (Table 1 above) are of 
different ages (±10-20 years) and sizes (±2-1530 acres), and are generally distributed in 
the western portion of Broward County in areas previously containing historic eastern 
Everglades wetlands (Figure 2 below).  Each of the selected sites has been completed as 
part of a privately funded project, and all sites exhibit similar habitat structure including 
predominant vegetative communities, underlying geology, habitat scales, topographic 
variation, and seasonal hydrology because mitigation site designs generally reflect the 
preferred industry or regulatory standards at the time they are permitted for construction.  
Figure 2. Artificial Study Site Aerials 
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For comparison, chironomid communities in the selected natural wetlands (Table 
2 below) were also sampled to serve as an analog for the “model wetland” required by 
regulatory agencies during mitigation design.  Natural study sites were located west of 
developed Broward County within Water Conservation Area 2A and 2B, north of 
Alligator Alley/Interstate 75 (Figure 3 below).  These natural sites are located in the same 
historic system as Everglades National Park, are adjacent to thousands of acres of 
undeveloped habitat, do not contain significant amounts of nuisance/exotic plant species, 
and are relatively free of identifiable sources of nutrient enrichment (as compared to 
other Water Conservation Areas with significant nutrient impairment due to drainage 
inputs from the Everglades Agricultural Area to the northwest and/or residential 
development to the east).  As such they are more hydrologically isolated from most 
anthropogenic stressors typical of developed Broward County and serve as suitable 
model wetlands for this project. 
Each specific natural/model sample collection site was selected based on the 
complexity of dominant and sub-dominant plant communities present (in terms of 
vegetative diversity, edge effect, and presence of open water areas, etc.) to ensure 
sampling efforts would adequately include all micro-habitats present.  While these natural 
study sites are not ecologically pristine due to their location at the margins of large, 
managed water conservation areas, they are still undeveloped historic wetland areas, 
support stable, diverse plant communities, experience a more natural hydrologic regime 
than the artificial/mitigation sites, and would still be awarded very high quality scores by 
regulatory agencies using any of the current wetland regulatory assessment methods 
mentioned previously. 
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Table 2. Model/Natural Study Site Descriptions 
MODEL/NATURAL STUDY SITE DESCRIPTIONS 
The following natural wetland sites are located on public land within Water Conservation 
Areas 2A or 2B.  Each contains a minimum of two desirable plant species communities, and 
none contain significant nuisance/exotic vegetation.  Size and age factors are not applicable, 
because they remain part of a larger, historic system that has been functioning for thousands of 
years despite significant anthropogenic perturbation in the form of water flow management.  
All dominant emergent macrophyte communities present were sampled for chironomids.  One 
water quality sample was collected from each site.   
 
Model Site #1       Source ID:  M1-WCA2A-M 
License Number: N/A Latitude/Longitude: 26’14”01.9N  80’17”55.7W 
Size (acres): N/A Approx. Age (yrs): N/A 
Location/Address: NW of Atlantic Blvd and Sawgrass Intersection, Sunrise, Florida 
Site Description: Eleocharis/Cladium/Nymphaea community in SE corner of WCA2A 
YSI Sample Areas: A – Edge of slough 30 ft west of levee 
Model Site #2       Source ID:  M2-WCA2A-S 
License Number: N/A Latitude/Longitude: 26’13”56.5N  80’17”55.7W 
Size (acres): N/A Approx. Age (yrs): N/A 
Location/Address: NW of Atlantic Blvd and Sawgrass Intersection, Sunrise, Florida 
Site Description: Nuphar/Nymphaea slough community in SE Corner of WCA2A 
YSI Sample Areas: A – Deepest part of slough about 150ft. west of levee 
Model Site #3       Source ID:  M3-WCA2B-M1 
License Number: N/A Latitude/Longitude: 26’13”42.6N  80’17”55.5W 
Size (acres): N/A Approx. Age (yrs): N/A 
Location/Address: SW of Atlantic Blvd and Sawgrass Intersection, Sunrise, Florida 
Site Description: Pontederia patch in NE corner of WCA2B  
YSI Sample Areas: A – Edge of Pontederia / Cladium ecotone 50 ft. west of levee 
Model Site #6       Source ID:  M6-WCA2B-S2 
License Number: N/A Latitude/Longitude: 26’08”34.6N  80’25”26.1W 
Size (acres): N/A Approx. Age (yrs): N/A 
Location/Address: NE of I-75 / US-27 Intersection, Plantation, Florida 
Site Description: Pontederia/Panicum/Cladium community along south border of WCA2B 
YSI Sample Areas: A – Pontederia/Panicum ecotone approx. 30 ft. east of 5th power pole. 
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Figure 3. Natural Study Site Aerials 
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Chironomid Sample Collection  
Rather than collect a single chironomid sample from one location within each 
study site, each wetland was strategically sampled in multiple areas based on overall size, 
habitat complexity, and wind direction on each sample day to most efficiently collect a 
representative amalgam of exuviae.  This approach ensured that recently emerged 
chironomids from all dominant microhabitats were included within the amalgamated 
sample and maximized the likelihood that large/rare and habitat-specific taxa were 
collected in the aggregate sample thereby providing results representative of the entire 
wetland being sampled.  
Chironomid sample collection was conducted by skimming the water’s surface 
using a kitchen saucepan as a scoop and repeatedly pouring skimmed collections through 
a 125-µm sieve.  Apparent abundance of exuviae visible in the skimmed collections was 
observed during collections in part to determine the amount of sample time necessary to 
collect sufficient exuviae at each site.  Sampling durations ranged from approximately 
thirty minutes to more than two hours depending on wetland size and habitat complexity, 
weather conditions, access, and abundance of exuviae; longer sample times were needed 
primarily for sampling events when visible exuviae were not plentiful and adequate 
specimens for analysis couldn’t be reliably ensured, or when larger sites contained 
multiple plant communities to be sampled.  Collected samples were concentrated in the 
125-µm sieve while in the field and excess plant material was removed by hand.  
Samples were then back-rinsed into 500-mL sample jars and preserved with 95% ethanol.  
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Site Environmental Data Collection  
Constructed wetlands contain formative topographic irregularities that help 
support diverse floral communities.  Each constructed study wetland, by design, contains 
a varied combination of marsh and slough-type plant species including Nymphaea 
odorata, Nuphar luteum, Pontederia cordata, Sagittaria sp., Eleocharis sp., Utricularia 
sp., Scirpus sp., and Thalia geniculata (personal observations) which are typically present 
in deeper, more permanently flooded wetlands ideal for chironomid community 
sampling.  In contrast, each model wetland site supported no more than three or four 
dominant species primarily due to a combination of the generally level topography and 
larger scale community dynamics typical of stable-state or equilibrium ecosystems like 
the Everglades (Lodge 2005; King et al. 2004).  Dominant species consisted primarily of 
Cladium jamaicense, Nymphaea odorata, Panicum hemitomon, Utricularia sp. and 
Eleocharis sp. with some scattered presence by a few other common native hydrophytes.   
One can generally expect greater diversity or richness in chironomid assemblages 
from constructed wetlands based on studies such as Streever et al. (1995), which showed 
that macroinvertebrate communities were significantly associated with dominant plant 
communities.  Based on differences in habitat complexity, chironomid assemblages from 
study and model areas are expected to show differences in community composition.  To 
observe possible plant-community associations, dominant vegetation at all study sites 
was recorded during each sampling event and overall percent coverage was estimated.   
Periphyton, and particularly calcareous periphyton, has also been shown to 
strongly correlate with macroinvertebrate communities (Jacobsen 2010; Liston 2006).  In 
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general, periphyton requires only a healthy combination of hydrology, water chemistry, 
and sunlight to thrive (Lodge 2005) and in its many forms (floating, submerged, 
calcareous, filamentous, etc.) is known to be responsible for a large percentage of 
primary production in oligotrophic Everglades wetlands.  However, the algal species 
assemblages which determine these forms have been shown to vary significantly across 
environmental gradients and can provide strong indication of nutrient enrichment or 
hydrologic regime.  Elevated phosphorus levels have been inversely correlated to the 
presence of calcareous periphyton (Davis et al. 2005; McCormick and Stevenson 1998; 
Liston 2006).  Chironomid abundance is greater in submerged epiphyton than in floating 
metaphyton mats (Liston and Trexler 2005).  Periphyton was characterized quantitatively 
and quantitatively as follows: periphyton type was categorized by growth habit as 
floating or submerged calcareous mats, floating or submerged fibrous non-calcareous 
mats, or filamentous strands. Relative abundance or coverage was based on approximate 
percent coverage and density via the Braun-Blanquet method scaling each qualitative 
variable into quintiles numbered one to five. 
 Differences in water chemistry which could influence species composition of 
chironomid communities were expected between model wetlands and sample wetlands.  
Although many studies do not agree about which environmental characteristics most 
strongly control chironomid populations, most agree that temperature (Fend and Carter 
1995), pH (Woodcock et al. 2005), dissolved oxygen, phosphorus enrichment (King and 
Richardson 2002; Wilson and McGill 1977), and conductivity (Ruse 2002a) contribute to 
a large degree.  Because these parameters appear to be most strongly correlated with 
chironomid community structure, they likely have greater influence over abundance than 
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similarly variable but less correlated parameters such as nitrogen enrichment, turbidity, 
size of water body, and texture of substrate.  Water temperature, pH, dissolved oxygen, 
and conductivity were measured using a pre-calibrated YSI® model 556 multi-probe, and 
water samples were collected for laboratory determination of total phosphorus (TP) 
levels.  TP analyses were performed by Broward County laboratory staff using 
procedures certified by the National Environmental Laboratory Accreditation Conference 
(NELAC). To account for overall habitat complexity and possible microhabitat variation, 
YSI multi-probe readings were collected two or four times per site and averaged to reflect 
the wetland’s overall condition during each sample event while water quality (TP) 
samples were collected only once per sampling event. 
Water depth at all study sites varies between 0 and 5 feet.  In water bodies with 
such limited depths, dramatic thermoclines and other depth-related habitat limitations 
found in deep oligotrophic lakes studied by Johnson and Wiederholm (1989) are unlikely 
to develop, but water temperature was recorded at both the surface and the bottom of 
each sample site, to verify the presence or absence of any depth related thermal gradient.  
Permanent staff gauges were present at existing mitigation sites and were added to all 
natural sites so that water stage could be recorded during each sampling event.  Other 
observational environmental data collected while sampling included apparent water 
clarity via the Braun-Blanquet method (Wikum and Shanholtzer 1978) using a relative 
clarity scale of 1 to 5 (1 = clearest), and ambient weather conditions including 
temperature, % cloud cover, wind speed and wind direction.  All field-collected data were 
recorded on prepared field datasheets (Figure 4). 
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Figure 4. Sample Field Datasheet 
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Sample Processing 
Collected chironomid samples were repeatedly stirred and hand-poured into small 
(±25 mL) aliquots/subsamples for examination under a dissecting microscope.  
Subsamples were repeatedly processed by removing all exuviae and placing them in 
storage vials containing 100% ethanol.  Sub-sampling in this manner minimized the 
potential for preferential “picking” of large/rare taxa from the subsample to most 
accurately represent the overall sample and preserve the relative abundances of 
specimens.   
Each sub-sample was successively examined until the total number of collected 
exuviae per-sample exceeded 200 specimens; the minimum and most efficient sample 
size to adequately represent the species present and enable statistically robust analysis of 
CPET studies (Ruse 2002a; Ruse 2002b; Wilson and McGill 1979).  King and 
Richardson (2002) specifically studied the discriminatory information for chironomid 
bioassessment provided by different sample sizes in Water Conservation Area 2A and 
found that increasing subsample size from 200 to 300 individuals increased accuracy by 
only 1%.  
Picked exuviae were sorted from each subsample and more morphologically 
distinct species were identified based on key features (Figure 5) under a dissecting 
microscope immersed in a small dish of 100% ethanol.  Smaller or more indistinct taxa 
were mounted permanently on slides using euparal and examined under a compound 
microscope (Figure 6).  Representative slides were created for all species to be 
catalogued as project vouchers.  Since Fend and Carter (1995) and King and Richardson 
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(2002) found species level identification is required for accurate community assessment 
and statistical resolution; all exuviae (including partial specimens when possible) were 
identified to the species level per Jacobsen (2008a). 
Figure 5. Morphology of Chironomidae Pupal Exuviae (Jacobsen, 2008) 
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Figure 6. Example Slide-Mounted Exuviae  
(Pseudochironomus richardsoni, Parakiefferiella coronata, and Dicrotendipes tritomus L-R) 
Data Analysis 
Results from sample identification were recorded in sample data sheets specific to 
each individual sample, and then entered into an Excel spreadsheet for analysis.  Records 
were recorded first as total abundance and then as percent abundance by species (i.e., 
number of each species observed / total specimens identified) to obtain the desired 
qualitative metric of overall community structure reflecting both richness and distribution 
of abundance.  For each model and natural study site, data from all quarterly and bi-
monthly samples was pooled to create a total annual composite chironomid assemblage 
for each site.  Shannon-Wiener diversity, an index appropriate for summarizing 
community percent abundance, was also calculated for all annual assemblages as a 
reflection of richness and evenness.  Site specific annual assemblages were then 
compared to other annual assemblages from both artificial sites and natural sites to 
address variation among different-sized wetlands, as well as to an annual aggregate 
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assemblage comprised of data from all study sites, providing two separate ways to 
compare constructed habitats to natural ones. 
Statistical comparisons between assemblages were conducted using Microsoft 
Excel and Primer-7 software (Clarke 1993) and followed Liston (2006), who explored the 
effects of hydroperiod and phosphorus on macroinvertebrate community structure, and 
Streever et al (1996), who compared pooled abundance datasets from constructed and 
natural wetlands.  Analysis of Similarity (ANOSIM) on standardized square-root 
transformed Bray-Curtis matrices was applied to compare community structure between 
samples collected at different sites, and also on Euclidian resemblance matrices to 
investigate relationships among study sites based on the collected environmental data. 
When significant variation was observed, similarity percentage (SIMPER) breakdowns 
were applied to identify which taxa provided stronger indications of change.   
Ordination methods were applied to further examine relationships between 
sample sites and both chironomid and environmental variables (Raunio and Muotka 
2005), and to graphically illustrate the observed relationships based on eigenvectors of 
sample similarity/dissimilarity as in numerous other benthic ecology studies (King 1999; 
Liston and Trexler 2005; Johnson and Widerholm 1989; Kobza et al. 2004; Ruse 2002b).  
Principal components analysis (PCA) was applied to compare environmental variables to 
sample sites, while non-metric multi-dimensional scaling (NMDS) was utilized to 
compare population data to sample sites.  To simplify analyses and facilitate direct 
comparison, each environmental dataset was normalized to have zero mean and unit 
variance as per Ruse (2002a), while each abundance dataset was first standardized and 
then square root transformed. These data manipulations are necessary to develop a 
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common scale when representing related data of different units graphically, to compress a 
wide range of sample values, and to improve the ability to detect possible trends or 
relationships among varied datasets using the multivariate analyses above. 
RESULTS:  
Sample results produced quarterly data for site environmental conditions and 
chironomid community as follows: 
Environmental Data  
Quarterly sampling collected environmental/physicochemical data including 
vegetative community composition, three qualitative periphyton metrics, three weather 
variables, two measures of hydrology, five water chemistry variables, and a visual 
estimate of observed chironomid abundance.  Seasonal and/or daily variation in observed 
weather conditions contained no outliers or major events which might support 
assumptions of chironomid sample variability and were not reviewed further.  All three 
collected periphyton metrics were combined into one composite metric to describe the 
relative prevalence at each site.  Chironomid apparent abundance was also recorded but 
was not statistically analyzed.  Appendix 1 provides raw data from quarterly sampling 
efforts including plant community structure, periphyton presence, hydrology, and 
apparent chironomid abundance data while Appendix 2 summarizes weather and water 
chemistry data recorded during each sampling event.  
Table 3 below summarizes predominant (>5% coverage) vegetative community 
structure at each sample site in a numbered list beginning with the species with the 
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highest % coverage over the one-year sampling period.  All sites exhibited overall 
vegetative coverage greater than 50%.   
Table 3. Floral Community by Sample Site/Group 
Both natural sites were dominated by Nymphaea odorata (water lily) and to a 
lesser extent Cladium jamaicense (sawgrass).  Artificial sites exhibited greater overall 
hydrophyte diversity and a predominance of Eleocharis sp. (spikerush).  Site S6 had the 
ARTIFICIAL 
SITES 
S1-WI3 
1) Eleocharis cellulosa (smooth spikerush) 
2) Utricularia sp. (bladderwort) 
3) Nuphar luteum (spatterdock) 
4) Typha sp. (cattail) 
5) Sagittaria lancifolia (duck potato) 
S6-LKNA 
1) Nymphaea odorata (fragrant water lily) 
2) Eleocharis cellulosa (smooth spikerush) 
3) Elecharis interstincta (jointed spikerush) 
4) Potamogeton sp. (pondweed) 
5) Utricularia sp. (bladderwort) 
6) Pontederia cordata (pickerelweed) 
7) Nupharluteum (spatterdock) 
8) Sagittaria lancifolia (duck potato) 
9) Thalia geniculata (fireflag) 
S11-RLS 
1) Elecharis interstincta (jointed spikerush) 
2) Panicum repens (torpedo grass) 
3) Pontederia cordata (pickerelweed) 
4) Scirpus sp. (bulrush) 
5) Sagittaria lancifolia (duck potato) 
6) Thalia geniculata (fireflag) 
NATURAL 
SITES 
M1-WCA2A-M 
1) Nymphaea odorata (fragrant water lily) 
2) Eleocharis cellulosa (smooth spikerush) 
3) Cladium jamaicense (sawgrass) 
4) Utricularia sp. (bladderwort) 
5) Typha sp. (cattail) 
6) Pontederia cordata (pickerelweed) 
M6-WCA2B-S 
1) Nymphaea odorata (fragrant water lily) 
2) Sagittaria lancifolia (duck potato) 
3) Utricularia sp. (bladderwort) 
4) Panicum hemitomon (maidencane) 
5) Cladium jamaicense (sawgrass) 
6) Eleocharis cellulosa (smooth spikerush) 
7) Nuphar luteum (spatterdock) 
8) Eleocharis interstincta (jointed spikerush) 
 most diverse vegetative community of all five sites 
prevalence of water lily.  Site S1 had the fewest dominant plant species
Time series graphs
normalized environmental 
among environmental variables collected during quarterly sampling (note site M6 did no
have a 1st quarterly sampling event).
Figure 7. Time Series Environmental Data 
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and was the only artificial site with a 
. 
 (Figure 7) were prepared for each sample site using 
data to display seasonal trends and relative relationships 
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Periphyton presence generally was greatest during the final sampling event, was 
lowest during winter or spring sampling events, and generally correlated with most other 
variables with the exception of a perceptible inverse relationship with conductivity.  
Otherwise, observed trends were generally site specific and showed no obvious patterns 
between natural or artificial wetlands, or among wetlands of different sizes that weren’t 
directly attributable to seasonal changes in temperature and precipitation. 
Figure 8 below depicts observed mean annual values for physicochemical 
conditions as recorded via field identification, relative observation, YSI probe sampling, 
or water sample collection (total phosphorus only) followed by laboratory analysis. 
Natural wetlands showed a greater seasonal variability in water levels with a 
maximum range of 1 meter between wet season and dry season stage, while mitigation 
wetlands located in managed drainage districts never exceeded 0.5 meter in stage 
difference.  Highest stages were recorded during the fourth quarter sampling event at the 
end of wet seasons for all sites except for S6.  Lowest observed stage for all sites was 
recorded during the second or third quarterly sampling event in March or May which 
coincided with the typical end of South Florida’s dry season. 
Total phosphorus levels showed a slight increase in concentration and annual 
range in smaller, artificial wetlands (concentrations were recorded as high as 0.042 mg/L) 
while levels did not exceed 0.033 in natural wetlands and generally remained below 
minimum detection limits (0.009) during most sampling events and within the typical 
range reported in the 2002 Everglades consolidated report (SFWMD 2002).  Highest TP 
levels at each study site were most frequently recorded during May samples and appear to 
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correlate with the end of Florida’s dry season and coincided with the lowest stage levels 
recorded during quarterly sampling efforts.  No specific TP trends were observed relative 
to natural vs. artificial site groups or wetlands of different sizes. 
Figure 8. Mean Environmental Conditions 
  
  
  
  
0.00
200.00
400.00
600.00
800.00
1000.00
Mean Cond.  (Umhos/cm)
Mean Cond.  (Umhos/cm)
0.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
Mean Temp. (Deg C.)
Mean Temp. (Deg C.)
0.00
2.00
4.00
6.00
8.00
10.00
12.00
Mean DO (mg/L)
Mean DO (mg/L)
6.50
7.00
7.50
8.00
8.50
Mean pH
Mean pH
0.000
0.005
0.010
0.015
0.020
0.025
0.030
TP (mg/L)
TP (mg/L)
23.00
24.00
25.00
26.00
27.00
28.00
29.00
30.00
Air Temp
Air Temp
0.00
0.20
0.40
0.60
0.80
1.00
1.20
Water Level Range (m)
Water Level Range (m)
0.00
1.00
2.00
3.00
4.00
Periphyton (composite)
Periphyton (composite)
 48 
Conductivity ranged from 285 µmhos to 853 µmhos in the mitigation wetlands, a 
similar 239 µmhos to 832 µmhos in the natural wetlands, and generally decreased from 
2007-2008 over the period of quarterly sample collections. Site S1 exhibited the highest 
overall conductivity readings (mean 799 µmhos) with no significant seasonal trends 
while site M1 exhibited the lowest mean conductivity (327 µmhos).  
Mean annual pH among all sites ranged from 7.29 to 7.84; the highest reading 
was obtained at artificial site S1 while the lowest mean pH among sample sites was 
observed at the M1 natural site.  Natural and artificial sites with lower pH (e.g. M1, M6, 
and S6) generally appeared to correlate with reduced periphyton presence, and conversely 
the sites with highest mean pH (e.g. S1 and S11) had the densest periphyton growth 
observed among all sites. 
A Euclidean resemblance matrix (Table 4 above) was prepared using eigenvalues 
representing between-site similarities (lower values reflect greater similarity) based on 
the environmental data collected during the study.  The matrix shows some similarity 
within natural and artificial site groups and greater similarity between natural sites than 
Table 4. Environmental Data Resemblance Matrix (Euclidean) 
Parameters ENV 
 
      
Analyse between: Samples 
 
      
Resemblance measure: D1 Euclidean distance 
     
 
M1-WCA2A-M M6-WCA2B-S2 S1-WI3 S6-LKNA S11-RLS Natural Artificial Overall 
M1-WCA2A-M 
        
M6-WCA2B-S2 2.9147 
       
S1-WI3 7.5720 7.2706 
      
S6-LKNA 4.7910 5.3173 6.3523 
     
S11-RLS 6.1716 6.3892 6.2546 4.8454 
    
Natural 1.4574 1.4574 7.2784 4.8466 6.1099 
   
Artificial 5.2935 5.4049 3.8797 3.1365 3.0704 5.1472 
  
Overall 3.3621 3.4669 4.8849 2.9900 3.7723 3.0883 2.0589 
 
 
 among artificial sites.  Data also shows substantial differentiation between the two 
groups, especially sites S1
diagram below (Figure 9
wetlands using environmental data, but also indicates sites S
amount of similarity between any one study site or any of the three composite samples.
The Euclidian resemblance matrix 
principal component analysis (PCA) to graphically evaluate similarities among sites 
based on environmental variables. Separate PCA plots were prepared to depict 
comparisons of sample sites 
wetland size (Figure 10 below
wetlands of different origin and wetlands of 
recorded at site S1-WI3 were 
Figure 9. Euclidean Matrix Cluster Diagram
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1 and S1, as evidenced by values in excess of 6.0.  The cluster 
) also helps depict the separation between natural and artificial 
1 and S11 exhibit the least 
in Table 4 above was also used to perform 
based on wetland origin (artificial vs. natural) and by 
).  PCA results in general showed clear separation between 
different size, although enviro
strongly disassociated from the other artificial sites.
 
 
nmental data 
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Figure 10. PCA Wetland Origin and Size 
 
 
 Primer-7 correlation filter
relationships and revealed strongest correlations between variables and sites.  Periphyton 
presence was more strongly associated with artificial wetlands than natural wetlands 
while natural sites showed moderate correlations with water stage and water/air 
temperature.  Strong correlations between
apparent.  Site S-6 showed the strongest association with Total Phosphorus
exhibited the greatest similarity with the overall aggregate community assemblage while 
site S-1 showed the greatest independence from TP influence.
Two separate ANOSIM 
based on environmental d
depicted on the left and
comparisons based on wetland origin and wetland size were 0.046 and 0.052 
Figure 11. Site Environmental Data A
Tests for differences between unordered Origin groups
Global Test 
Sample statistic (R): 0.427 
Significance level of sample statistic: 4.6
Number of permutations: 280 (All possible permutations)
Number of permuted statistics greater than or equal to R: 13
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s set at 0.35 eliminated the weakest site
 conductivity and study site S1
   
histograms (Figure 11 above) comparing
ata.  Sites were grouped by wetland origin (artificial vs. natural) 
 wetland size depicted on the right.  P values from site 
NOSIM 
 
 
% 
 
 
Tests for differences between unordered Size groups
Global Test 
Sample statistic (R): 0.563 
Significance level of sample statistic: 5.2%
Number of permutations: 560 (All possible permutations)
Number of permuted statistics greater than or equal to R: 29
-variable 
 were also 
 (TP) yet also 
 sample sites 
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respectively.  Differences between artificial and natural sites were significant (P < 0.05), 
but no statistically significant associations were identified based on wetland size (P > 
0.05).  However, R values were 0.427 for ANOSIM between sample sites grouped by 
origin compared to 0.563 for ANOSIM between sample sites grouped by size.  The 
greater R value for comparisons based on wetland size indicates wetland size has a 
slightly stronger influence on site similarity as measured by environmental conditions 
despite the fact that the sample groupings were not significantly different. 
Chironomid Data 
A total of 78 chironomid taxa were collected from 23 identified samples (13 samples 
from 3 different mitigation wetlands and 10 samples from 4 natural wetlands).  Species 
richness in artificial wetlands was greater than natural wetlands; 72 species were 
identified from artificially constructed wetlands while 47 were collected from natural 
wetlands.  All three artificial sites produced more species than either of the natural sites.  
Samples from artificial wetlands yielded almost three times the number of exuviae (3424 
vs. 1237) which may explain the disparity in total observed species between groups.   
Parakiefferiella coronata dominated four of five samples sites and comprised 36% of the 
aggregate sample but was relatively absent (2.7%) in samples from site M1 while 
Tanytarsus D (23%) and Tanytarsus E (15%) were co-dominant.  Tanytarsus A 
comprised 12% of the aggregate sample population and was the only other taxon to 
exceeded 10% relative abundance overall.  Table 5 and Figure 12 below reflect relative 
abundance of chironomid exuviae collected from all sites; species are sorted by relative 
abundance in the overall composite species assemblage.  
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Table 5. Chironomid Relative Abundance 
Genus_species Pi Total Pi Artificial Pi S1 Pi S6 Pi S11 Pi Natural Pi M1 Pi M6 
Parakiefferiella_coronata 35.593 37.237 26.954 42.071 40.974 31.043 2.703 43.317 
Tanytarsus_A 12.143 13.376 18.637 3.666 17.378 8.731 4.204 10.859 
Tanytarsus_D 4.613 2.249 4.509 2.475 0.375 11.156 22.823 6.921 
Tanytarsus_B 4.248 5.491 0.501 10.449 5.169 0.808 0.000 0.358 
Labrundinia_6/10 4.205 5.695 2.204 0.000 12.959 0.081 0.000 0.000 
Nanocladius_alternantherae 3.519 3.067 0.200 0.642 7.191 4.770 0.000 7.041 
Cladotanytarsus_acornutus 3.347 4.498 11.824 3.025 0.225 0.162 0.000 0.239 
Tanytarsus_C 3.218 4.030 8.216 4.858 0.225 0.970 1.802 0.716 
Dicrotendipes_A/Epler 3.132 2.015 0.100 5.316 0.749 6.225 8.709 5.728 
Parachironomus_A 2.703 2.482 1.202 1.008 4.644 3.314 7.808 1.790 
Larsia_berneri 2.103 2.307 3.707 2.291 1.273 1.536 1.201 1.193 
Polypedilum_epleri 2.060 0.350 0.000 0.917 0.150 6.791 9.910 5.370 
Labrundinia_maculata 1.802 0.993 0.701 2.016 0.375 4.042 2.102 5.131 
Paratanytarsus_B 1.781 1.928 2.505 3.758 0.000 1.374 0.300 1.909 
Tanytarsus_E 1.695 0.818 1.403 1.008 0.225 4.123 14.715 0.119 
Chironomus_lobochironomus 0.923 0.643 0.601 1.467 0.000 1.698 3.904 0.835 
Corynoneura_A 0.923 0.467 0.000 1.192 0.225 2.183 2.102 0.597 
Thienemanniella_lobapodema 0.880 1.110 3.808 0.000 0.000 0.243 0.000 0.358 
Polypedilum_falciforme 0.815 1.022 2.305 1.100 0.000 0.243 0.901 0.000 
Cladotanytarsus_B/C 0.729 0.993 1.403 1.833 0.000 0.000 0.000 0.000 
Cladopelma_A 0.708 0.964 1.503 1.467 0.150 0.000 0.000 0.000 
Dicrotendipes_tritomus 0.708 0.058 0.100 0.000 0.075 2.506 6.306 1.193 
Labrundinia_neopilosella 0.687 0.701 0.301 0.000 1.573 0.647 1.201 0.239 
Tanytarsus_G 0.665 0.905 0.501 1.925 0.375 0.000 0.000 0.000 
Chironomus_stigmaterus 0.536 0.263 0.000 0.825 0.000 1.293 0.000 1.909 
Paratanytarsus_A 0.472 0.526 0.000 0.000 1.348 0.323 0.601 0.239 
Endochironomus_nigricans 0.365 0.496 1.703 0.000 0.000 0.000 0.000 0.000 
Nilothauma_sp. 0.365 0.380 0.701 0.000 0.449 0.323 0.601 0.239 
Guttipelopia_guttipennis 0.300 0.409 0.000 0.000 1.049 0.000 0.000 0.000 
Polypedilum_K 0.279 0.234 0.000 0.733 0.000 0.404 0.300 0.239 
Kiefferulus_pungens 0.236 0.263 0.301 0.550 0.000 0.162 0.601 0.000 
Zavriella_marmorata 0.236 0.292 0.301 0.642 0.000 0.081 0.300 0.000 
Apedlum_elastichum 0.215 0.204 0.000 0.642 0.000 0.243 0.300 0.239 
Labrundinia_becki 0.215 0.146 0.200 0.000 0.225 0.404 0.901 0.239 
Corynoneura_B 0.193 0.117 0.000 0.092 0.225 0.404 0.000 0.477 
Larsia_decolorata 0.193 0.088 0.100 0.183 0.000 0.485 1.201 0.239 
Pseudochironomus_A 0.193 0.204 0.000 0.367 0.225 0.162 0.000 0.000 
Ablabesmyia_A 0.172 0.234 0.802 0.000 0.000 0.000 0.000 0.000 
Labrundinia_nr._virescens 0.172 0.146 0.301 0.000 0.150 0.243 0.901 0.000 
Parachironomus_B 0.172 0.146 0.000 0.458 0.000 0.243 0.300 0.119 
Polypedilum_nymphaeorum 0.172 0.146 0.100 0.367 0.000 0.243 0.601 0.119 
Monopelopia_bolickae 0.150 0.204 0.100 0.550 0.000 0.000 0.000 0.000 
Polypedilum_trigonus 0.150 0.117 0.000 0.275 0.075 0.243 0.601 0.119 
Tanytarsus_limneticus 0.150 0.088 0.000 0.275 0.000 0.323 0.000 0.477 
Ablabesmyia_B 0.129 0.175 0.401 0.000 0.150 0.000 0.000 0.000 
Glyptotendipes_meridionalis 0.129 0.117 0.100 0.275 0.000 0.162 0.000 0.239 
Labrundinia_sp. 0.129 0.175 0.000 0.000 0.449 0.000 0.000 0.000 
Goelichironomus_amazonicus 0.107 0.000 0.000 0.000 0.000 0.404 0.000 0.597 
Nanocladius_balticus 0.107 0.146 0.000 0.000 0.375 0.000 0.000 0.000 
Tanytarsus_K 0.107 0.146 0.301 0.183 0.000 0.000 0.000 0.000 
Ablabesmyia_sp. 0.086 0.117 0.200 0.000 0.150 0.000 0.000 0.000 
Apedilum_subcinctum 0.086 0.117 0.000 0.000 0.300 0.000 0.000 0.000 
Beardius breviculus 0.086 0.000 0.000 0.000 0.000 0.323 0.300 0.358 
Polypedilum_simulans 0.086 0.029 0.100 0.000 0.000 0.243 0.300 0.000 
Dicrotendipes_modestus 0.064 0.029 0.000 0.000 0.075 0.162 0.601 0.000 
Goeldichironomus_fluctuans/natans 0.064 0.088 0.301 0.000 0.000 0.000 0.000 0.000 
Parachironomus_alatus 0.064 0.088 0.000 0.275 0.000 0.000 0.000 0.000 
Polypedilum_L 0.064 0.058 0.000 0.092 0.075 0.081 0.000 0.119 
Cladopelma_B 0.043 0.058 0.200 0.000 0.000 0.000 0.000 0.000 
Procladius_sublettei 0.043 0.058 0.000 0.183 0.000 0.000 0.000 0.000 
Pseudochironomus_C 0.043 0.058 0.000 0.092 0.075 0.000 0.000 0.000 
Pseudosmittia_sp. 0.043 0.058 0.000 0.000 0.150 0.000 0.000 0.000 
Tanytarsus_L 0.043 0.000 0.000 0.000 0.000 0.162 0.601 0.000 
Tanytarsus_ND 0.043 0.058 0.100 0.092 0.000 0.000 0.000 0.000 
Ablabesmyia_C 0.021 0.029 0.100 0.000 0.000 0.000 0.000 0.000 
Ablabesmyia_E 0.021 0.029 0.100 0.000 0.000 0.000 0.000 0.000 
Ablabesmyia_peleensis 0.021 0.000 0.000 0.000 0.000 0.081 0.000 0.119 
Chironomini_sp. 0.021 0.029 0.000 0.092 0.000 0.000 0.000 0.000 
Chironomus_B 0.021 0.029 0.100 0.000 0.000 0.000 0.000 0.000 
Cryptochironomus_B 0.021 0.029 0.000 0.000 0.075 0.000 0.000 0.000 
Dicrotendipes_leucoscelis 0.021 0.029 0.100 0.000 0.000 0.000 0.000 0.000 
Endochironomus_subtendens 0.021 0.029 0.100 0.000 0.000 0.000 0.000 0.000 
Glyptotendipes_c.f. seminole 0.021 0.000 0.000 0.000 0.000 0.081 0.300 0.000 
Labrundinia_pilosella 0.021 0.000 0.000 0.000 0.000 0.081 0.000 0.000 
Parachironomus_carinatus 0.021 0.029 0.000 0.092 0.000 0.000 0.000 0.000 
Pseudochironomus_richardsoni 0.021 0.029 0.000 0.092 0.000 0.000 0.000 0.000 
Tanypus_carinatus 0.021 0.029 0.000 0.092 0.000 0.000 0.000 0.000 
Tanytarsus_I 0.021 0.029 0.000 0.000 0.075 0.000 0.000 0.000 
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Figure 12. Overall Aggregate Abundance 
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Exuviae collected from natural/model wetlands were dominated by 
Parakiefferiella coronata (31%), similar to the overall assemblage, but samples also 
contained a notable abundance of Tanytarsus D (11%), Tanytarsus A (8%), Polypedilum 
epleri (7%), Dicrotendipes A (6%), Labrundinia maculata (4%), and Nanocladius 
alternantherae (5%), which collectively contributed 72% of all identified exuviae from 
the aggregated natural wetland samples.  The remaining 28% of exuviae collected 
comprised the remaining 40 taxa collected at that site.   Samples from site M1 was 
dominated by Tanytarsus D (23%), Tanytarsus E (15%), and Polypedilum epleri (10%) 
followed by Dicrotendipes A (9%), Parachironomus A (8%), and Dicrotendipes tritomus 
(6%), while only 3% of identified exuviae were Parakiefferiella coronata.  In contrast, 
samples from natural site M6 were primarily dominated by Parakiefferiella coronata 
(43%) and Tanytarsus A (11%), and combined with Nanocladius alternantherae (7%), 
Polypedilum epleri (5%), Dicrotendipes A (6%), Tanytarsus D (6%), and Labrundinia 
maculata (5%), contributed 83% of exuviae recorded. 
Exuviae recorded from artificial/mitigation sites included a greater number of taxa 
(72), and the aggregate community collected was also dominated by Parakiefferiella 
coronata at an average relative abundance of 35%, but also included substantial amounts 
of Tanytarsus A (13%), Labrundinia 6/10 (6%) and Tanytarsus B (5%). These taxa 
collectively accounted for 61% of the identified exuviae and the remaining 68 taxa 
comprised the 39% remainder.  Individually, site S1-WI3 produced 45 species primarily 
composed of Parakiefferiella coronata (27%) and Tanytarsus A (19%), accompanied by 
Cladotanytarsus acornutus (12%), Tanytarsus C (6%) and Tanytarsus D (5%).  These 
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five species collectively contributed 69% of identified exuviae, while the remaining 31% 
included 40 different species.   
Site S6 included a nearly identical 44 species and was more strongly dominated 
by Parakiefferiella coronata (42%) but also included Tanytarsus B (10%), Dicrotendipes 
A (5%), and Tanytarsus C (5%). These four accounted for 63% of all identified exuviae, 
while the remaining 37% included the 40 remaining species.  Site S11 was the smallest 
mitigation site sampled (2.5 acres); the aggregate annual assemblage of 38 species, fewer 
than the other study sites, was dominated again by Parakiefferiella coronata (41%) with 
Tanytarsus A (19%), and Labrundinia 6/10 (13%) followed by Nanocladius 
alternantherae (7%) and Parachironomus A (5%).  These five species accounted for 85% 
of identified exuviae from site S11.  33 additional species contributed the remaining 15%.   
Table 6. Summary and Diversity Statistics 
Table 6 above summarizes sample diversity metrics calculated for each site.  
Alpha diversity at S11 was the lowest of all 5 sites (2.02 Shannon-Wiener Index) and 
greatest at M1 (2.62) despite reduced sample richness (38 spp.); other samples were 
skewed by a predominance of Parakiefferiella coronata which reduced overall Shannon 
diversity.  Community evenness was lowest at S11 (skewed abundance due to dominant 
species despite low richness).  Site M1 included only 33 identified species and yet had 
  Overall Artificial S1-WI3 S6-LKNA S11-RLS Natural M1- WCA2A-M 
M6- 
WCA2B-S2 
Total # Species (S) 78 72 45 44 38 47 33 36 
Max % Abundance by 
Species (Max) 35.59 37.24 26.95 42.07 40.97 31.04 22.82 43.32 
Standard Deviation (σ) 4.29 4.53 4.00 4.94 5.26 3.97 3.51 5.18 
Variance (σ2) 18.43 20.51 16.00 24.36 27.66 15.74 12.29 26.86 
Pielou Evenness (J') 0.63 0.61 0.67 0.65 0.56 0.69 0.76 0.61 
Shannon-Wiener 
Diversity H'(loge) 2.72 2.60 2.54 2.47 2.02 2.64 2.67 2.20 
Fisher's alpha (α) 0.85 0.84 0.87 0.81 0.78 0.87 0.90 0.79 
 the highest Shannon-Wiener 
volume (333 exuviae) among the 5 quarterly sites.  The differences among Shannon
Wiener diversity and evenness scores from all sites were not significant.  No relationship 
was found between total richness and sample variance
across all sites was inconsistent.
Figure 13. Sample Richness and Diversity Plots
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diversity (2.67) but also represented the smallest sample 
, indicating community structure 
 
 
-
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Figure 13 above depicts the normalized diversity metrics summarized in Table 6.  
The first plot shows the inverse relationship between sample variance and sample 
richness, while the second plot shows the direct relationship between Pielou evenness, 
Shannon-Wiener diversity, and Fischer’s alpha.  Samples from S11 and M6 produced the 
greatest variance despite having lowest species richness.  Evenness, diversity and alpha 
metrics were also lowest at these same sites. 
Table 7 below shows the Bray-Curtis similarity/dissimilarity matrix and 
associated eigenvalues representing between-site similarities based on collected 
chironomid community data. The data shows strongest associations between Artificial 
and Total composite assemblages, and weakest associations between Site S11 and all 
other natural and artificial study sites.  
The cluster diagram below (Figure 14) depicts eigenvalue data and sample site 
associations reflected in the Bray-Curtis matrix.  The graphic shows clear separation 
between natural and artificial wetlands based on sampled chironomid community 
structure and that artificial site community better represents the overall community 
Table 7. Abundance Data Resemblance Matrix (Bray-Curtis) 
Parameters BIO               
Analyse between: Samples 
 
    
  
Resemblance measure: S17 Bray-Curtis similarity 
   
  
  Pi Total Pi Artificial Pi S1 Pi S6 Pi S11 Pi Natural Pi M1 Pi M6 
Pi Total                 
Pi Artificial 91.2685               
Pi S1 70.5182 73.8247             
Pi S6 73.2055 73.9555 59.1158           
Pi S11 65.8291 69.5753 49.7445 47.3564         
Pi Natural 74.2489 64.2287 52.0526 62.9881 54.4861       
Pi M1 54.1921 46.0549 40.1578 48.0798 35.6715 71.5187     
Pi M6 69.9339 62.6782 50.0813 62.4079 57.1574 84.1453 56.0201   
 
 collected from all sample sites
similarity between any one study site and the overall sample
representative of the artificial sites. 
two natural sites, and greater dissimilarity was displayed between the two natural sites
Figure 15 below 
communities collected from different sites based on site origin (natural vs. artificial) a
site size.  The plot shows a distinct 
Composite community structure from ar
overall community assemblage, but also produced 73% of all exuviae identified in this 
study, and therefore would be more likely to align with the overall community structure.  
Use of rarefaction methods 
Species associations were filt
Figure 14. Bray Curtis Cluster Diagram
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. Cluster analysis also indicates that S11 exhibits the least 
, while S6 was the most 
Natural site M6 was the most representative of the 
shows nMDS plots of similarities between chironomid 
separation between artificial and natural wetlands.  
tificial wetlands most closely correlate
may account for this imbalanced sample contribution.
ered at a Pearson correlation level of 0.86
 
.  
nd 
s with the 
  
 to eliminate the 
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weakest site-chironomid relationships and isolated the strongest associations between 
chironomid species and sites.   
Figure 15. nMDS of Sample Groups 
 
 
 Natural sites (M1 and M
associated with Dicrotendipes A
a lesser degree Polypedilu
tritomus and Chironomus lobochironomus
Larsia berneri, Tanytarsus
with Tanytarsus A, Labrundinia 6/
associated with site S6 at the 0.86 Pearson correlation level.
ANOSIM was applied to assess similarities between chironomid comm
different sample site groups (wetland origin vs wetland size).  
two separate histograms that reflect comparison of 
among study sites.  R-value
values) and R-value for comparisons based on wetland size was 0
chironomid community composition was more greatly influenced by wetland size than 
Figure 16. Site Chironomid Data A
Tests for differences between unordered Origin groups
Global Test 
Sample statistic (R): 0.24 
Significance level of sample statistic: 15.4%
Number of permutations: 280 (All possible permutations)
Number of permuted statistics greater than or equal to R: 43
61 
6) were most strongly (>0.90 Pearson correlation) 
 Epler, Polypedilum epleri, and Larsia decolorata
m nymphaeorum, Polypedilum trigonus
.   Site S1 was most strongly associated with 
 C, and Tanytarsus ND.  Site S11 was most strongly associated 
10, and Nanocladius alternantherae.  No single tax
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chironomid community structure 
 for comparisons of site origin was 0.24 (the lowest of all R
NOSIM 
 
 
 
 
Tests for differences between unordered Wetland Size groups
Global Test 
Sample statistic (R): 0.5 
Significance level of sample statistic: 7.1%
Number of permutations: 560 (All possible permutations)
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wetland origin.  P-values for both exceeded 0.05 indicating no statistically significant 
relationship exists between chironomid community composition and wetland origin or 
wetland size. 
DISCUSSION:  
This study encountered several complications and sources of experimental error.  
Problems mainly consisted of minor design oversights or unavoidable equipment failures, 
but each contributed to compromise the effectiveness of the study.  Specific equipment 
issues included YSI data sonde sensor failure on 12/10/07, which resulted in missing 
environmental data for natural study site M6 during the first sampling quarter, and failure 
to locate the installed staff gauge for sites M5 and M6 during quarter 4, likely due to 
submergence.  Additionally, SIMPER analysis of variously sized wetlands was 
impossible due to insufficient samples (only one sample was processed for multiple 
wetland size groups). 
Comparisons of study site groups (wetland origin or wetland size) based on 
chironomid community structure revealed no statistically significant differences.  R-
values from ANOSIM abundance data calculations indicated site origin had low to 
moderate influence on chironomid community structure, and site size associated more 
strongly with chironomid community differences, but P-values for both ANOSIM 
comparisons exceeded the 0.05 significance level for chironomid abundance datasets.  
ANOSIM results from study site comparisons using the collected environmental data 
were statistically significant when comparing sites based on wetland size, but not when 
comparisons evaluated wetland origin (artificial vs. natural).  
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The original null hypotheses assumed that chironomid communities from 
wetlands of different size and wetlands of different origin (natural vs. artificial) would 
not vary significantly.  The ANOSIM results do not permit rejection of the original null 
hypothesis on either account as differences between chironomid assemblages collected 
from different sample site groups were not statistically significant.  Based on the greater 
permuted R-value, wetland size seems to have a greater influence on the composition of 
the chironomid community than wetland origin (0.5 vs 0.24). However, sample sizes used 
in the wetland size comparison (one sample site per size group) were insufficient to 
validate the results. 
Secondarily, diversity and richness measures were utilized to further compare the 
study sites.  Results revealed that the largest constructed wetland supported the greatest 
diversity of species, while the smallest wetland contributed the fewest. These findings 
have some relevance to Broward County’s current wetland regulation policies, which 
attempt to endorse the unique attributes and functional benefits of relatively small, 
isolated wetlands in an urban/suburban setting despite facing more severe threats from 
nuisance/exotic plant species, anthropogenic disturbance, and reduced intrinsic buffering 
capacity.  These results suggest that small wetlands may not be capable of supporting 
chironomid communities with comparable species richness, evenness, diversity, and 
percent dominance of the most abundant taxa relative to larger artificial wetlands.  While 
microhabitat diversity may be comparable between large and small sites, other less 
apparent factors may limit chironomid community diversity.    
Richness, diversity, and structural measures also indicated a detectable difference 
between natural and artificial wetlands as was originally expected, possibly reflecting the 
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intermediate disturbance hypothesis (Connell 1978) which suggests that communities 
from developing habitats often support a greater number of species prior to attaining 
climax or equilibrium states.  Alternatively, the more complex physical structure of 
mitigation wetlands (due to micro-relief and designed habitat zones) likely provides 
additional habitat niches not present in the more homogeneous natural wetland areas.   
Although individual sample volumes were large enough to be sufficient for any 
statistical alpha diversity investigations by themselves, the purpose of this project was to 
investigate sample site beta diversity to address whether the CPET method could be used 
for comparison between sites.  Individual site results were robust but composite annual 
samples from five sites (three artificial and two natural) renders the total number of 
comparisons insufficient for statistically significant analysis. Despite this data collection 
deficiency, the study demonstrated a practical application the CPET to compare 
chironomid community composition as a measurable success criterion.  The potential 
value of this application lies in its ability to more accurately evaluate a constructed 
wetland in comparison to the natural wetland after which it was modeled, or to the 
impacted wetland being replaced. However, the intense degree of effort and expertise 
needed for these studies may limit usefulness. 
To facilitate the potential regulatory application of this technique and follow an 
adaptive management approach (Kentula 2000), pre-construction chironomid collections 
from wetlands proposed to be impacted may have significant value in post-construction 
evaluations of mitigation success.  This measure of success would be based on the degree 
of correlation or statistical similarity exhibited between the chironomid communities 
from a single constructed mitigation wetland and the model or impacted wetland as 
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reinforced by Short et al. (2000) and may help establish the true baseline emphasized by 
Race and Fonseca (1996).  However, high variability and influence by various 
environmental conditions may obscure these patterns.  In addition, many wetland designs 
intentionally modify hydroperiod or hydropattern as a primary means of enhancement or 
restoration which would result in correspondingly modified habitats for chironomids and 
render pre/post project comparisons biased and inappropriate. 
  
 66 
REFERENCES: 
 
Adamus, P.R., Clairain, E.J., Smith, R.D., and Young, R.E. 1987. Wetland Evaluation 
Technique (WET), Volume II:  Methodology, edited by USACOE: Wateways 
Experiment Station, Vicksburg, Mississippi. 
Armitage, P.D. 1995. Behaviour and ecology of adults. In Chironomidae:  Biology and 
ecology of non-biting midges., edited by P. D. Armitage, P. S. Cranston and L. C. 
V. Pinder. London: Chapman & Hall. 195-224 
Armitage, P.D., and Pardo, I. 1995. Impact assessment of regulation at the reach level 
using macroinvertebrate information from mesohabitats. Regulated Rivers: 
Research and Management 10:147-158. 
Barton, D.R., Oliver, D.R., and Dillon, M.E. 1996. A comparison of pupal exuviae and 
larval chironomidae for biomonitoring of the impacts of agricultural practices on 
surface water quality. In Chironomids:  From Genes to Ecosystems, edited by P. 
Cranston. Victoria, Australia: CSIRO. 125-132 
Broward County Code. 1993. Aquatic and Wetland Resource Protection. Chapter 27  
Busch, D.E., Loftus, W.F., and Bass, O.L. 1998. Long-term hydrologic effects on marsh 
plant community structure in the southern everglades. Wetlands 18 (2):230-241. 
Carignan, V., and Villard, M.-A. 2002. Selecting Indicator Species To Monitor 
Ecological Integrity: A Review. Environmental Monitoring and Assessment 
78:45-61. 
Clarke, K. 1993. Non-parametric multivariate analyses of changes in community 
structure. Australian Journal of Ecology 18:117-143. 
Coffman, W.P. 1973. Energy flow in a woodland stream ecosystem:  II the taxonomic 
composition and phenology of the Chironomidae as determined by the colletion 
of pupal exuviae. Arch. Hydrobiol. 71:281-322. 
Coffman, W.P. 1974. Seasonal differences in the diel emergence of a lotic chironomid 
community. Ent. Tidskr. 95:42-48. 
Coffman, W.P., De La Rosa, C., Cummins, K.W., and Wilzbach, M.A. 1992. Species 
richness in some Neotropical (Costa Rica) and Afrotropical (West Africa) lotic 
communities of Chironomidae (Diptera). Netherlands Journal of Aquatic Ecology 
26:229-237. 
Cohen, M.J., Lane, C.R., Reiss, K.C., Surdick, J.A., Bardi, E., and Brown, M.T. 2005. 
Vegetation based classification trees for rapid assessment of isolated wetland 
condition. Ecological Indicators 5:189-206. 
 67 
Connell, J.H. 1978. Diversity of tropical rainforests and coral reefs. . Science 199:1304–
1310. 
Cowardin, L.M., Carter, V., Golet, F.C., and LaRoe, E.T. 1979. Classification of 
wetlands and deepwater habitats of the United States, edited by U. S. D. o. t. 
Interior: Fish and Wildlife Service. 
Davis, S.M., Gaiser, E.E., Loftus, W.F., and Huffman, A.E. 2005. Southern marl prairies 
conceptual ecological model. Wetlands 25 (4):821-831. 
Declerck, S., Louette, G., Bie, T.D., and Meester, L.D. 2002. Patterns of diet overlap 
between populations of non-indigenous and native fishes in shallow ponds. 
Journal of Fish Biology 61:1182-1197. 
Dong, Q., McCormick, P.V., Sklar, F.H., and DeAngelis, D. 2002. Structural instability, 
multiple stable states, and hysteresis in periphyton driven by phosphorus 
enrichment in the Everglades. Theoretical Population Biology 61 (2):1-13. 
Erwin, K.L. 1990a. Freshwater marsh creation and restoration in the southeast. In 
Wetland Creation and Restoration : The Status of the Science, edited by J. A. 
Kusler and M. E. Kentula. Washington, D.C.: Island Press. 233-266 
Erwin, K.L. 1990b. Wetland evaluation for restoration and creation. In Wetland Creation 
and Restoration, edited by J. A. Kusler and M. E. Kentula. Washington, D.C.: 
Island Press. 429-458 
Erwin, K.L. 1991. An evaluation of wetland mitigation in the South Florida Water 
Management District - volume I: South Florida Water Management District. 
Federal Register. 2008. Compensatory Mitigation For Losses of Aquatic Resources. 70. 
73. 
Fend, S.V., and Carter, J.L. 1995. The relationship of habitat characteristics to the 
distribution of Chironomidae (Diptera) as measured by pupal exuviae collections 
in a large river system. Journal of Freshwater Ecology 10 (4):343-359. 
Fisher, J.B. 1982. Effects of macrobenthos on the chemical diagenesis of freshwater 
sediments. In Animal-Sediment Relations, edited by P. L. McCall and M. J. S. 
Tevesz. New York, NY.  U.S.A.: Plenum Press. 177-220 
Florida Administrative Code. 2007. Uniform Mitigation Assessment Method. 62-345, 
F.A.C. 
Franquet, E., and Pont, D. 1996. Pupal exuviae as descriptors of the chironomid (Diptera: 
Nematocera) communities of large rivers. Arch. Hydrobiol. 138 (1):77-98. 
 68 
Gendron, J.-M., and Laville, H. 1995. B iodiversity and sampling frequency of the pupal 
exuviae of Chironomidae (Diptera) in a 4th order. Archaeological Hydrobiology 
135 (2):243-257. 
Government Accountability Office. 2005. Wetlands Protection: Corps of Engineers Does 
Not Have an Effective Oversight Approach to Ensure That Compensatory 
Mitigation Is Occurring. Washington, D.C.: Office of Public Affairs. 
Griffiths, R.W. 1992. Effect of pH on community dynamics of Chironomidae in a large 
river near Sudbury, Ontario. Canadian Journal of Aquatic Sciences and Fisheries. 
49 (1):76-86. 
Grimshaw, H.J., Rosen, M., Swift, D.R., Rodberg, K., and Noel, J. 1993. Marsh 
phosphorus concentrations, phosphorus content and species composition of 
Everglades periphyton communities. Arch. Hydrobiol. 128 (3):257-276. 
Jacobsen, R.E. 2008a. A Key to the Pupal Exuviae of the Midges (Diptera; 
Chironomidae) of Everglades National Park, Florida, edited by U. S. G. Survey: 
United States Geological Survey. 
Jacobsen, R.E. 2008b. Midge (Diptera: Chironomidae and Ceratopogonidae) community 
response to canal discharge into Everglades National Park, Florida. Bol. Mus. 
Mun. Funchal (Supplement 13):39-50. 
Jacobsen, R.E. 2010. Relationships of Chironomidae with hydroperiod in eastern 
Everglades National Park. Proceedings of the XV International Symposium on 
Chironomidae, Saint Paul, Minnesota. 78-94 
Jacobsen, R.E., and Perry, S.A. 2002. Midge (Diptera: Chironomidae and 
Ceratopogonidae) community relationships with water quality, vegetation, and 
hydroperiod in Everglades National Park. In South Florida Natural Resources 
Center. 
Jacobsen, R.E., and Perry, S.A. 2008. Using collections of pupal exuviae to evaluate 
midge (Diptera: Ceratopogonidae and Chironomidae) associations with plant 
communities in northeast Shark River Slough, Everglades National Park, edited 
by U. S. D. o. t. Interior: U.S Geological Survey. 
Johnson, R.A., and Widerholm, T. 1989. Classification and ordination of profundal 
macroinvertebrate communities in nutrient poor, oligo-mesohumic lakes in 
relation to environmental data. Freshwater Biology 21:375-386. 
Johnson, R.K. 1996. The indicator concept in freshwater biomonitoring. In Chironomids: 
From Genes to Ecosystems, edited by P. Cranston. Victoria, Australia: CSIRO. 
11-27 
Karr, J.R. 1981. Assessment of Biotic Integrity using fish communities. Fisheries 6:21-
27. 
 69 
Kentula, M.E. 2000. Perspectives on setting success criteria for wetland restoration. 
Ecological Engineering 15:199-209. 
King, R.S. 1999. Coastal wetland insect communities along a trophic gradient in Green 
Bay, Lake Michigan. Wetlands 19 (2):426-437. 
King, R.S. 2001. Dimensions of invertebrate assemblage organization across a 
phosphorus limited Everglades landscape, Duke University. 
King, R.S., and Richardson, C.J. 2002. Evaluating subsampling approaches and 
macroinvertebrate taxonomic resolution for wetland bioassessment. Journal of 
North American Benthological Society 21 (1):150-171. 
King, R.S., Richardson, C.J., Urban, D.L., and Romanowicz, E.A. 2004. Spatial 
dependency of vegetation-environment linkages in an antrhopogenically 
influenced wetland ecosystem. Ecosystems 7:75-97. 
Kobza, R.M., Trexler, J.C., Loftus, W.F., and Perry, S.A. 2004. Community structure of 
fishes inhabiting aquatic refuges in a threatened Karst wetland and its 
implications for ecosystem management. Biological Conservation 116:153-165. 
Kruczynski, W.L. 1990. Mitigation and the Section 404 Program:  A Perspective. In 
Wetland Creation and Restoration.  The Status of the Science, edited by J. A. 
Kusler and M. E. Kentula. Washington D.C.: Island Press. 549-554 
Langton, P.H. 1991. A key to pupal exuviae of West Palaeoarctic Chironomidae. 
Cambridgeshire: Langton, P.H. 
Leibowitz, S.G., Abbruzzese, B., Adamus, P.R., Hughes, L.E., and Irish, J.T. 1992. A 
synoptic approach to cumulative impact assessment:  a proposed methodology, 
edited by USEPA: Environmental Research Laboratory, Corvallis, Oregon. 
Liston, S.E. 2006. Interactions between nutrient availability and hydroperiod shape 
macroinvertebrate communities in Florida Everglades marshes. Hydrobiologia 
569:343-357. 
Liston, S.E., and Trexler, J.C. 2005. Spatiotemporal patterns in community structure of 
macroinvertebrates inhabiting calcareous periphyton mats. Journal of North 
American Benthological Society 24 (4):832-844. 
Lodge, T.E. 2005. The Everglades Handbook:  Understanding the Ecosystem. Second ed. 
Boca Raton: CRC Press LLC. 
Loftus, W.F., Johnson, R.A., and Anderson, G.H. 1992. Ecological Impacts of the 
Reduction of Groundwater Levels in Short-hydroperiod Marshes of the 
Everglades. Proceedings of the First International Conference on Ground Water 
Ecology, April 26-29, Tampa, Florida 
 70 
Lopez, A. Environmental Rules, Regulatory Agencies Undergo Big Changes. Florida 
Center for Investigative Reporting 2014 [cited. Available from 
http://fcir.org/2013/06/04/environmental-rules-regulatory-agencies-undergo-big-
changes/. 
McClanahan, T. 1983. A preliminary analysis of the effects of distance and density of a 
seed source on the fate of natural succession in phosphate mined lands. In 
Interaction of wetlands with the phosphate industry. Bartow, Florida, USA: 
Florida Institute of Phosphate Research.  
McCormick, P.V., and O'Dell, M.B. 1996. Quantifying periphyton responses to 
phosphorus in the Florid Everglades: a synoptic-experimental approach. J. N. Am. 
Benthol. Soc. 15 (4):450-468. 
McCormick, P.V., and Stevenson, R.J. 1998. Periphyton as a tool for ecological 
assessment and management in the Florida Everglades. Journal of Phycology 
34:726-733. 
Miller, R.E., and Gunsalas, B.E. 1999. Wetland Rapid Assessment Procedure, edited by 
R. D. Natural Resource Management Division: South Florida Water Management 
District, West Palm Beach, Florida. 
Mitsch, W.J., and Gosselink, J.G. 1993. Wetlands. 2 ed. New York: John Wiley and 
Sons, Inc. 
Mortellaro, S., Krupa, S., Fink, L., and VanArman, J. 1995. Literature Review on the 
Effects of Groundwater Drawdowns on Isolated Wetlands, edited by R. A. D. 
Water Resources Evaluation Department - Criteria Assessment and Support Unit. 
West Palm Beach, FL: South Florida Water Management District. 
Niering, W.A. 1990. Vegetation dynamics in relation to wetland creation In Wetland 
Creation and Restoration, edited by J. A. Kusler and M. E. Kentula. Washington, 
D.C.: Island Press. 479-486 
NOAA, N.O.a.A.A. 2000. Habitat Equivalency Analysis: an overview, edited by D. A. a. 
R. Program: Washington D.C. 
Pinder, L.C.V. 1986. The pupae of Chironomidae (Diptera) of the Holarctic region - 
introduction. Ent. Scand. Suppl. 28:5-7. 
Race, M.S., and Fonseca, M.S. 1996. Fixing compensatory mitigation:  what will it take? 
Ecological Applications 6 (1):94-101. 
Raunio, J., and Muotka, T. 2005. The use of chironomid pupal exuviae in river 
biomonitoring: the importance of sampling strategy. Arch. Hydrobiol. 164 
(4):529-545. 
 71 
Ruetter, D., and Brinckerhoff, P. 1998. Does wetland mitigation work in the long-term: 
Land and Water. 
Ruse, L. 2002a. Chironomid pupal exuviae as indicators of lake status. Arch. Hydrobiol. 
153 (3):367-390. 
Ruse, L. 2002b. Colonisation of gravel lakes by chironomidae. Arch. Hydrobiol. 153 
(3):391-407. 
Ruse, L.a.D., Mark. 2000. Long-Term data assessment of chironomid taxa structure and 
function in the river Thames. Regulated Rivers:  Research and Management 
16:113-126. 
SFWMD. 2002. Everglades Consolidated Report. West Palm Beach, Florida: South 
Florida Water Management District. 
Short, F.T., Burdick, D.M., Short, C.A., Davis, R.C., and Morgan, P.A. 2000. Developing 
succes criteria for restored eelgrass, salt marsh and mud flat habitats. Ecological 
Engineering 15:239-252. 
Smith, R.D., Ammann, A., Bartoldus, C., and Brinson, M.M. 1995. An approach for 
assessing wetland functions using hydrogeomorphic classification, reference 
wetlands, and functional indices., edited by USACOE: Wateways Experiment 
Station, Vicksburg, Mississippi. 
Smith, R.J., Hamas, M.J., Ewert, D.N., and Dallman, M.E. 2004. Spatial foraging 
diffences in american redstarts along the shoreline of northern lake huron during 
spring migration. Wilson Bulletin 116 (1):48-55. 
Streever, W.J., and Crisman, T.L. 1993a. A comparison of fish populations from natural 
and constructed freshwater marshes in central Florida. Journal of Freshwater 
Ecology 8 (2):149-153. 
Streever, W.J., and Crisman, T.L. 1993b. A preliminary comparison of meiobenthic 
cladoceran assemblages in natural and constructed wetlands in central Florida. 
Wetlands 13 (4):229-236. 
Streever, W.J., Evans, D.L., and Keenan, C.M. 1995. Chironomidae (Diptera) and 
vegetation in a created wetland and implications for sampling. Wetlands 15 
(3):285-289. 
Streever, W.J., Portier, K.M., and Crisman, T.L. 1996. A comparison of dipterans from 
ten created and ten natural wetlands. Wetlands 16 (4):416-428. 
The Conservation Foundation. 1988. Protecting America's Wetlands:  an action agenda:  
In: Final Report of the National Wetlands Policy Forum. Washington D.C.: The 
Conservation Foundation. 
 72 
Thienemann, A. 1910. Das Sammeln von Puppenhauten der Chironomiden. Arch. 
Hydrobiol. 6:213-214. 
Thienemann, A. 1954. Chironomus. Band XX Die Binnengewasser. Edited by A. 
Thienemann. Stuttgart: Schweizerbart'sche Verlag. 
U.S. Supreme Court. 2001. Solid Waste Agency of Northern Cook County v. Army Corps 
of Engineers et al. 531 U.S. 159. 
U.S. Supreme Court. 2006. Rapanos v. United States. 
Ubero-Pascal, N., Torralva, M., Olivo-paterna, F., and Malo, J. 2000. Seasonal and diel 
periodicity of the drift of pupal exuviae of chironomid (Diptera) in the Mundo 
river (S.E. Spain). Archaeological Hydrobiology 147 (2):161-170. 
University of Florida. Non-native Invasive Plants - An Introduction. University of 
Florida, June 10, 2014 2014 [cited. Available from 
http://plants.ifas.ufl.edu/manage/why-manage-plants/non-native-invasive-plants-
an-introduction. 
USFWS, U.S.F.a.W.S. 1980. Habitat Evaluation Procedure (HEP) manual No. 870 FW 1. 
Washington D.C. 
Verneaux, V., and Aleya, L. 1998. Bathymetric distributions of chironomid communities 
in ten French lakes: Implications on lake classification. Archaeological 
Hydrobiology 142 (2):209-228. 
Wikum, D.A., and Shanholtzer, G.F. 1978. Application of the Braun-Blanquet cover-
abundance scale for vegetation analysis in land development studies. 
Environmental Management Volume 2 ( Issue 4):323-329. 
Willard, D.E., and Hiller, A.K. 1990. Wetland dynamics: considerations for restored and 
created wetlands. In Wetland Creation and Restoration, edited by J. A. Kusler and 
M. E. Kentula. Washington, D.C.: Island Press. 459-466 
Wilson, R.S. 1996. A practical key to the genera of pupal exuviae of the British 
Chironomidae: Mudgley Elms, Wedmore, Somerset, BS28 4th, England. 
Wilson, R.S., and Bright, P.L. 1973. The use of chiornomid pupal exuviae for 
characterizing streams. Freshwater Biology 3:283-302. 
Wilson, R.S., and McGill, J.D. 1977. Chironomid pupal exuviae in the River Chew. 
Freshwater Biology 7:9-17. 
Wilson, R.S., and McGill, J.D. 1979. The use of chironomid pupal exuviae for biological 
surveillance of water quality.  , edited by D. o. t. E.-W. D. Unit. 
 73 
Woodcock, T., Longcore, J., McAuley, D., Mingo, T., Bennatti, C.R., and Stromborg, K. 
2005. The role of pH in structuring communities of Maine wetland macrophytes 
and chironomid larvae (Diptera). Wetlands 25 (2):306-316. 
Wright, C.A., Ferrington, L.C.J., and Crisp, N.H. 1996. Analysis of chlordane-impacted 
streams using chironomid pupal exuviae (Diptera: Chironomidae). Hydrobiologia 
318:69-77. 
 
 
   
 74 
 
 
 
 
 
 
 
 
 
APPENDICES: 
  
 75 
Appendix 1. - Site Environmental Data (Part 1) 
Site ID Sample Date Percent Coverage Coverage Thickness Biomass 
Water 
Clarity 
Staff 
Gauge 
Staff Gauge 
(metric) 
Apparent 
Abundance 
S1 11/23/2007 EC 50%, UT 15%, NL 5%,  4.00 4.00 4.00 3.00 N/A   N/A 1 
  3/10/2008 EC 60%, NL 10%, UT 20% 4.00 3.00 3.00 3.00 1.25 0.38 2 
  5/5/2008 UT 60%, EC 25%, NL 5%, TY 3%,  4.00 3.00 3.00 2.00 2.16 0.66 4 
  9/13/2008 EC 40%, UT 40%, NL 10% 5.00 4.00 4.00 2.00 3.00 0.92 3 
  
Summary 
Statistics                 
  Minimum   4.00 3.00 3.00 2.00 1.25 0.38 1.00 
  Maximum   5.00 4.00 4.00 3.00 3.00 0.92 4.00 
  Range   1.00 1.00 1.00 1.00 1.75 0.53 3.00 
  Mean   4.25 3.50 3.50 2.50 2.14 0.65 2.50 
  St. Dev.   0.50 0.58 0.58 0.58 0.88 0.27 1.29 
  
Coeff. of 
Variance 
  0.25 0.33 0.33 0.33 0.77 0.07 1.67 
S6 11/18/2007 EC 25%, NO 15%, UT 15%, PC 5%, 
SL 3% 
2.00 2.00 2.00 2.00 1.95 0.59 1 
  3/22/2008 EI 25%, NO 20%, PC 12%, PO 10%, 
NL 3%, SL 3%, UT 3% 
3.00 2.00 2.00 2.00 1.95 0.59 3 
  5/5/2008 NO 30%, EI 20%, PO 10%, SC 3%, PC 
3% 
3.00 3.00 3.00 3.00 1.65 0.50 1 
  9/8/2008 NO 30%, CH 30%, EC 25%, PO 5%, 
UT 5%, PC 3%, EI 3% 
3.00 3.00 3.00 2.00 1.27 0.39 2 
  
Summary 
Statistics                 
  Minimum   2.00 2.00 2.00 2.00 1.27 0.00 1.00 
  Maximum   3.00 3.00 3.00 3.00 1.95 0.59 3.00 
  Range   1.00 1.00 1.00 1.00 0.68 0.59 2.00 
  Mean   2.75 2.50 2.50 2.25 1.71 0.21 1.75 
  St. Dev.   0.50 0.58 0.58 0.50 0.32 0.27 0.96 
  
Coeff. of 
Variance 
  0.25 0.33 0.33 0.25 0.10 0.08 0.92 
S11 11/12/2007 EI 65%, CH 15%, SC 5%, PR 5% 2.00 2.00 2.00 1.00 1.45 0.44 3 
  3/9/2008 EI 70%, PR 15%, CH 10%, SC 3%, PC 
3% 
1.00 1.00 1.00 1.00 0.58 0.18 4 
  5/3/2008 EI 40%, PR 30%, CH 15%, SC 4% 4.00 2.00 2.00 1.00 0.68 0.21 1 
  9/8/2008 EI 60%, CH 30%, PC 5% 4.00 5.00 5.00 1.00 2.52 0.77 5 
  
Summary 
Statistics                 
  Minimum   1.00 1.00 1.00 1.00 0.58 0.18 1.00 
  Maximum   4.00 5.00 5.00 1.00 2.52 0.77 5.00 
  Range   3.00 4.00 4.00 0.00 1.95 0.59 4.00 
  Mean   2.75 2.50 2.50 1.00 1.31 0.40 3.25 
  St. Dev.   1.50 1.73 1.73 0.00 0.90 0.27 1.71 
  
Coeff. of 
Variance 
  2.25 3.00 3.00 0.00 0.81 0.08 2.92 
M1 12/10/2007 EC 25%, NO 25%, UT 15%, CJ 10%, 
TY 10%, PC 3% 
2.00 1.00 1.00 1.00 2.38 0.73 1 
  4/5/2008 NO 30%, EC 20%, CJ 10%, TY 5%,  
UT 5% 
2.00 1.00 1.00 2.00 1.30 0.40 2 
  5/19/2008 NO 40%, UT 25%, EI 15%, CJ 10%, 
TY 5% 
1.00 1.00 1.00 3.00 0.65 0.20 1 
  9/16/2008 NO 40%, UT 30%, EC 15%, CJ 10%, 
TY 5% 
2.00 2.00 2.00 2.00 3.94 1.20 1 
  
Summary 
Statistics                 
  Minimum   1.00 1.00 1.00 1.00 0.65 0.20 1.00 
  Maximum   2.00 2.00 2.00 3.00 3.94 1.20 2.00 
  Range   1.00 1.00 1.00 2.00 3.29 1.00 1.00 
  Mean   1.75 1.25 1.25 2.00 2.07 0.63 1.25 
  St. Dev.   0.50 0.50 0.50 0.82 1.44 0.44 0.50 
  
Coeff. of 
Variance 
  0.25 0.25 0.25 0.67 2.07 0.19 0.25 
M6 12/10/2007  N/A  N/A N/A  N/A   N/A  N/A N/A  N/A  
  3/29/2008  N/A  N/A N/A N/A  N/A  2.08 0.63 2 
  5/19/2008 NO 40%, UT 20%, PH 10%, SL 10%, 
EC 5%, CJ 5%, NL 3% 
2.00 3.00 1.00 2.00 1.90 0.58 1 
  9/16/2008 NO 50%, SL 20%, UT 10%, NL 5%, CJ 
5%, EI 5% 
2.00 2.00 2.00 2.00 3.82 1.17 1 
  
Summary 
Statistics                 
  Minimum   2.00 2.00 1.00 2.00 1.90 0.58 1.00 
  Maximum   2.00 3.00 2.00 2.00 3.82 1.17 2.00 
  Range   0.00 1.00 1.00 0.00 1.92 0.59 1.00 
  Mean   2.00 2.50 1.50 2.00 2.60 0.79 1.33 
  St. Dev.   0.00 0.71 0.71 0.00 1.06 0.32 0.58 
  
Coeff. of 
Variance 
  0.00 0.50 0.50 0.00 1.13 0.10 0.33 
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Appendix 2. - Site Environmental Data (Part 2)   
Site 
Info Sample ID Weather Total P 
Water 
Environment  
Site ID Sample Date Air Temp Wind Speed (km/h) %cloudcover TP (mg/L) Mean pH Mean DO (mg/L) 
Mean Temp. 
(Deg C.) 
Mean Cond.  
(Umhos/com) 
S1 11/23/2007 26 10 50 0.005 7.65 6.98 25.30 818.75 
  3/10/2008 23 20 30 0.005 7.96 10.24 24.23 789.75 
  5/5/2008 23 5 15 0.005 7.81 5.67 26.27 830.00 
  9/13/2008 30 25 25 N/A 7.90 9.24 31.24 759.25 
  Summary Statistics 
        
  Minimum 23.00 5.00 15.00 0.01 7.53 4.74 24.06 748.00 
  Maximum 30.00 25.00 50.00 0.01 8.06 10.61 31.24 841.25 
  Range 7.00 20.00 35.00 0.00 0.53 5.87 7.18 93.25 
  Mean 25.50 15.00 30.00 0.01 7.83 8.03 26.76 799.44 
  St. Dev. 3.32 9.13 14.72 0.00 0.24 2.59 3.24 42.66 
  Coeff. of Variance 11.00 83.33 216.67 0.00000 0.07 8.49 10.72 2502.98 
S6 11/18/2007 25 19 60 0.005 7.47 4.24 22.76 380.50 
  3/22/2008 23 13 100 0.012 7.71 4.42 24.10 401.00 
  5/5/2008 23 12 20 0.032 7.59 5.32 29.71 484.75 
  9/8/2008 30 34 85 0.019 7.31 4.36 29.16 432.00 
  Summary Statistics 
        
  Minimum 23.00 12.00 20.00 0.01 7.27 3.43 22.55 360.00 
  Maximum 30.00 34.00 100.00 0.03 7.71 6.06 30.19 501.50 
  Range 7.00 22.00 80.00 0.03 0.44 2.64 7.64 141.50 
  Mean 25.25 19.50 66.25 0.02 7.52 4.58 26.43 424.56 
  St. Dev. 3.30 10.15 34.97 0.01 0.20 1.19 3.64 60.57 
  Coeff. of Variance 10.92 103.00 1222.92 0.00013 0.05 1.61 13.47 3764.60 
S11 11/12/2007 25 10 10 0.005 7.53 6.35 22.22 389.33 
  3/9/2008 21 23 80 0.012 7.80 7.83 23.61 467.00 
  5/3/2008 26 23 30 0.005 7.73 8.21 26.72 431.00 
  9/8/2008 32 34 80 0.014 7.82 7.49 31.20 303.00 
  Summary Statistics 
        
  Minimum 21.00 10.00 10.00 0.01 7.52 6.68 22.67 286.75 
  Maximum 32.00 34.00 80.00 0.01 7.92 8.58 31.20 476.00 
  Range 11.00 24.00 70.00 0.01 0.41 1.90 8.53 189.25 
  Mean 26.00 22.50 50.00 0.01 7.73 7.63 26.25 401.94 
  St. Dev. 4.55 9.81 35.59 0.00 0.18 0.86 3.90 90.80 
  Coeff. of Variance 20.67 96.33 1266.67 0.00002 0.04 0.83 15.57 8365.15 
M1 12/10/2007 26 16 14 0.009 7.35 2.54 23.60 338.00 
  4/5/2008 27 19 30 0.005 7.52 1.85 26.36 432.00 
  5/19/2008 29 16 50 0.01 7.14 1.53 27.06 210.08 
  9/16/2008 24 8 15 0.017 7.16 2.47 29.73 334.50 
  Summary Statistics 
        
  Minimum 24.00 8.00 14.00 0.01 7.12 1.30 23.60 121.58 
  Maximum 29.00 19.00 50.00 0.02 7.52 2.97 29.73 434.50 
  Range 5.00 11.00 36.00 0.01 0.27 1.11 4.09 208.61 
  Mean 26.50 14.75 27.25 0.01 7.29 2.10 26.69 328.65 
  St. Dev. 2.08 4.72 16.84 0.00 0.18 0.88 2.56 155.52 
  Coeff. of Variance 4.33 22.25 283.58 0.00002 0.86 23.29 8.28 5065.76 
M6 12/10/2007 29 25 25 0.005 
    
  3/29/2008 28 20 40 0.005 7.49 4.82 23.96 782.50 
  5/19/2008 30 18 80 0.021 7.63 5.31 28.96 667.50 
  9/16/2008 29 16 40 0.015 7.35 3.41 30.76 438.50 
  Summary Statistics 
        
  Minimum 28.00 16.00 25.00 0.01 7.35 3.41 23.96 438.50 
  Maximum 30.00 25.00 80.00 0.02 7.63 6.06 30.76 826.00 
  Range 2.00 9.00 55.00 0.02 0.19 1.77 4.54 258.33 
  Mean 29.00 19.75 46.25 0.01 7.49 4.51 27.89 629.50 
  St. Dev. 0.82 3.86 23.58 0.01 0.15 1.39 3.55 209.85 
  Coeff. of Variance 0.67 14.92 556.25 0.00006 0.86 21.08 12.89 18189.70 
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Appendix 3. - Representative Site Photos 
 
Site M1-WCA2A-S 
Site M2-WCA2A-M 
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 Site M3-WCA2B-M1 
Site M6-WCA2B-S2 
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Site S1-WI3 
Site S6-LKNA 
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Site S11-RLS 
Installed Staff Gauge 
 
 
